CHOROIDAL ARTE 


anterior choroid 
n devoted t 
hort 


distribution 


showed that the anterior choroidal artery 


erior limb the internal capsule, and Kolisko 


was aware that the anterior 
eral geniculate body, and 
ore recently, Mme. 
some attention the 
cases wherein 

the has been studied 


but clear that neither had 


distribution nor the full story 

een described ; these will be discuss d more 

elsewhere, but brief summary the phylogenetic story will 
useful here since phylogeny that must look for explanation 


variations. 
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place time when attention being redirected towards the 
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Heubner, 
Monakow [3] showed 
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MATERIAL AND 

The anterior choroidal artery has been dissected 
hemispheres, and phylogenetic series brains, inclu 
Sphenodon, crocodiles, sheep, 
addition, its mode origin was studied 

The artery was injected mos 
hypodermic syringe and fine needle; the termi 


followed individually their ultimate distribut 


findings were checked against hori: 


brains ensure accuracy localization. 


PHYLOGENETIC ORIGIN. 


previous paper have shown that the anterior cho 


artery can traced entity the higher reptilia, but 
Sphenodon resolved into its separate components, each 
istinctive field supply. These components (fig. are, 


and, the? inferior cerebral artery Dendy arising from 
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CHOROIDAL 


the other, series 


cerebral artery The inferior cerebral 


distributed the palwostriatum 
ior cerebral contributions supply the 
and cerebral peduncle. 
en repres¢ nted by a 
trunk. 
cerebral artery has joined the 
ious vessel network 
the ‘ry, running posteriorly and dorsally 
and and joining the posterior cerebral 


Lut 


jbemi phere Lateral geniculat 


Internal ca 
artery 


Posterior 
communicating 


artery 


evolution the anterior choroidal 
supply the choroid plexus the 

this supply still entirely from the posterior cerebral artery 
marsupials and true mammalia the cerebral hemispheres have 
nlarged that they have inferior horn the lateral ventricle 
the choroid plexus has become elongated and lies alongside the optic 
tract. Now the anterior choroidal artery takes over from the posterior 
‘erebral artery some the choroidal supply and becomes true 


horoidal artery This vessel arises from the cranial division the 
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internal carotid artery, before the origin the middle cerebral artery, 
and runs posteriorly and dorsally along the optic tract and diencephalon 


5 


terminate the posterior cerebral artery (fig. its way 
supplies part the pyriform cortex and underlying amygdaloid nucleus, 


part the corpus striatum, the optic tract and part the lateral 


Intermediate 


and lateral! 


choroidal 

artery 

(middle <ystem) 

Posterior 
cerebral ~ 


artery 


Pulvinar 
thalam 


geniculate body, part the cerebral peduncle and subthalamic region 


part the internal capsule and the antero-inferior part the choroid 
plexus. The beginning the caudal division the internal carotid 
artery represented the posterior communicating 
posterior cerebral artery strongly connected with the basilar 
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vive the impression that arises from this and not from the internal 


‘arotid artery. 
Subsequent change degree only: with the increasing size 


the cerebral hemispheres and consequent enlargement the 


horn the lateral ventricle and its choroid plexus, the choroidal con- 


tributions from the anterior choroidal artery increase progressively 


nN Importance In the sheep these choroidal branches are few and 


nall; the monkey they equal size the branches which the 


artery terminates the posterior man 


hey appear form the main channel the artery, the termination 


this the posterior cerebral branches being small and often hard 


(fig. Intermediate conditions are, however, frequently seen 


efly the evolution 


dal artery and provides for the solution the problem 


variation will better, however, defer discussion variation 


been described 


the 


gives fairly description its usua 


artery arises from 


the stem the internal carotid artery between the points origin 


cerebral arteries. Thence 
the 
act against 


n edial side ind runs 


nto many branches, most which recross the optic tract enter the 
nferior horn lateral ventricle and reach the choroid plexus. 
The true terminal branches, however, run posteriorly over the lateral 


cerebral and posterior choroidal 


the anterior choroidal artery arise series along 


the caudate 


r colnmissure Next, some 


cortex and uncus and sapply the postero- 


medial part the underlying amygdaloid nucleus; similar vessels are 


dentata and the cauda The branches the pyriform 


man brains 

intil the normal distribution nan 

DISTRI 

man standard normality for anterior choroidal 
origin and maximum area distribution. The 
the posterior communicating and 
rosses the opt tract from the lateral 
} teriorly al neo the medial border of 
the anterior pole the lateral geniculate divides 
geniculate body join the 
(fig. 

The 
length, and proceed order their destinations. Close the origin 
branches which supply part the head nucleus 
ind the postero-medial border the 

] } +1} oa 
distributed the part the hippocampus and fascia 
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cortex anastomose with branches from the middle and posterior 
those the uncus and fascia dentata with branches the 
posterior cerebral artery 

More posteriorly series branches pierces the optic tract 
play little part the supply the tract, but pass dorsally into the 


the brain reach the posterior two-thirds the ior limb 


nerai 
idal artery. 


the internal capsule (which they supply the level the upper bor 


the middle segment the lenticular the medial 

and medial part the middle segment the lenticular nucleus (that 
most the globus pallidus); and the beginning the optic and 
probably, acoustic radiations far laterally the lateral wall the 
descending horn the lateral ventricle (fig. The arteries 
the optic tract pass medially and dorsally between the tract and 


peduncle, they then turn laterally enter the dorso-medial aspect 
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Human mi-schematic, illustrating the distribution the anterior lal 
rtery to the crus ebri, substantia nigra, red nucleus, corpus subthalamicum, ventr 1 
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the tract. sub-primates the vessels supply the optic tract 

its superficial surface and reasonable suppose that this rotation 
medially primates associated with the eversion the dorsal 
nucieus the lateral geniculate body described Brouwer and 
Zeeman The branches the optic tract anastomose freely the 


pia mater with branches from the posterior communicating artery 
which there considerable overlap, and, but lesser extent, witl 
twigs from the middle cerebral artery. 
from the anterior choroidal artery 
peduncle where they anastomose with branches 
communicating and posterior cerebral arteries 
the crus which contains the descending motor fibre 
stantly supplied the anterior choroidal artery, some 


pass 


through reach the upper part the 

red nucleus, the corpus subthalamicum and, frequent! 

ficial part the ventro-lateral nucleus the thal 
the main trunk or, more 

divisions, arises constant vessel 


the tail the caudate nucleus and rur 


the level junction the body 


this artery supplies both struc 
arterial supply the lateral geniculate body has 
previous paper; the anterior choroida 
lateral, and the posterior rebral artery the med 
the intervening hilar region supplied both. 
choroid plexus are numerous they 
part the plexus and break into large number 
which supply the walls the ventricle, the 
freely with posterior choroidal 
stances large anterior choroidal branch 
dorsally along the medial border the plexus 


but rarely possible inject its full 


discussion the possible variations the 
artery necessary appreciate fully the 
have seen that the vessel consists essentially parts 
one, avising from the cranial division the internal carotid artery 


supply the paleostriatum and pyriform cortex, the other taking 


from the caudal division and the remainder the 
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choroidal field the former may considered have cranial 
the latter cauda have also seen that either component may 
represented part entirely series small vessels which 
subserve its final distribution; thus have anatomical foundation 
for discussion variation 

The cranial com) mainly distribution and 
pyriform cortex, part the head and most 

late nucleus, the postero-medial 
will 
origin its branches but, however they arise, 
cranial division the internal carotid artery 
the most frequent variations the inde- 
endent the internal carotid, from the 


‘erebral artery. in\ ‘allo h ranches to the caudate and amyeda- 


nuclei and the uncu The anterior choroidal artery itself may, 
rarely, arise from the middle cerebral artery 
The caudal component supplies the optic tract and lateral part 
lateral geniculate body, the middle third the crus and the sub- 
halamie region, the posterior two-thirds the posterior 
internal capsule and the optic radiation, the antero-inferior 
campus and choroid plexus. this 
with posterior cerebral branches, 
communicating artery may 
anterior choroidal and take over some 
hand the anterior choroidal 
the posterior communicating absent 
first part the posterior cerebral artery may follow the course, 
distribute the branch anterior choroidal; this 
nunicati between the basilar 
cerebral arteries Kolisko has observed, the branch 
which usually arises from the posterior communicating artery supply 
the genu and anterior third the posterior limb the internal capsule 
from the anterior choroidal artery when this enlarged 
the other hand, when the anterior choroidal artery smaller than 


isual the posterior communicating artery supplies greater proportion 
t 


erior limb the internal capsule. Similarly, the substantia 
nigra, red nucleus and corpus subthalamicum may receive their blood 
from the posterior cerebral artery; the posterior communicating 
urtery play larger part than usual the supply the optic tract 


These are all examples the interchangeability the origins 


ORIGINAL ARTICLES AND CLINICAL CASES 


arteries, but will noted that this variation haphazard, 
only among vessels which have common phylogenetic 
the examples just discussed the arteries may considered 
cranial equivalents, they not arise indifferently from either 
component but take origin orderly manner from their own parent 
stock. Such variations not diminish our faith arterial 
rather they strengthen our belief this principle 

results obtained Beevor and others who have worked 

must attributed their failure recognize the importance 


phylogenetic history the cerebral arteries. 


} 1 } 


Hofmann was impressed the cau 
choroidal artery that included his 
regarded the anterior choroidal artery having two methods 
terminal the internal capsule and optic tract, 
double (due overlapping supply with the carotid, middle cerebr 
posterior communicating and posterior cerebral arteries) the 
the field supply. This correct and important but, 
make complete, must add the terminal field the optic radiation, 
middle third the crus, most the globus pallidus and the lateral part 
the lateral geniculate body. Now that the 
choroidal artery probably always supplies part the 
lateral part the lateral geniculate body, the posterior two-thirds the 


posterior limb the internal capsule, most the globus pallidus, 


optic radiation and the middle third the supply 


1 


the head the caudate nucleus, the pyriform cortex, the 
postero-medial part the amygdaloid nucleus, the substantia nig 
nucleus, corpus subthalamicum and aspect the 
lateral nucleus the thalamus. 

When assess the relative clinical values the 
distribution, see once that the terminal field supply 
practically also the most important. diagnosis 
restricted lesions those regions which produce definite 
and observable signs the crus, lateral geniculate body, 
the internal capsule and the optic radiation are such; the head 
caudate nucleus, the amygdaloid nucleus and the subthalamic region are 
not. ‘Thus come the conclusion that the regions most 
variation the anterior choroidal artery are least important clinically 
those least affected variation have the greatest clinical importance 


Therefore, percentage list variations given; would not assist 
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diagnosis, even accurate, would enable forecast the 
the cerebral arteries any patient before autopsy 
best could only guess. fortunate, then, that lesions the 


choroida! artery nearly always cause damage such struct 


1 


ures 


definitely observable effects, and that the symptom 


choroidal artery. are 
ions causing necrosis circumscribed 
limb the internal capsule 
felt that many these have been 
than the anterior choroidal artery, the 
nsequent destruction usually extensive render identification 
impossible. 
cases ‘clusion the anterior choroidal artery are 


upon most writers this has 


Schiff-Wertheimer one, Ley one, and one case 
Dr. Ivy Mackenzie Glasgow; the last, 


search the available literature has 


even the large series collected Henschen 
attributed him lesion the anterior choroidal 
some his clinical and pathological findings, 
were due involvement this 
but there description the arteries prove this 
‘or clinical signs and lesion the anterior choroidal 
look the terminal field distribution this vessel 
the internal capsule its posterior two-thirds, 
the beginning radiation, the middle third the crus 
cerebri and the 
the globus pallidus cau 
optic tract, even when present, very restricted and appears 
little interference with sight. The characteristic syndrome, then, 
depends upon destruction these regions and, may expected, 
hemiplegia, and hemianopia, all towards the 
side opposite the lesion. will considered very briefly 
r. 
Hemiupleg l ‘onstant ; it Is recorded in all cases In one ot 
cases clinical details are wanting, but the destruction found 


the posterior limb the capsule autopsy leaves doubt 


constant 
SIGNIFICANCI 
Lv 
recorded two 
communicate 
both arteries 
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that the pyramidal fibres were destroyed. the case recorded 
Dr. both anterior choroidal arteries were affected, but the 
hemiplegia and hemianwsthesia were the right side 
Facial paresis recorded Kolisko and Dr. and 
suggested case the anterior half the 
limb the internal capsule was unaffected, nor 
the anterior choroidal artery must cot 
had undergone some destruction, although 
Dr. ‘ase the the 
but there was definite degeneration the 
Levy's case there wi 
internal capsule 
plete, but involves all forms sensation 
Schiff-Wertheimer and Ley, but not 
ind Ley both describe the hemianopia 
are available there the specific denial any 
Dr. case hemianopia was not complete the 
comprised bilateral homonymous superior 
that nearly the the upper field 
macular field was This has 
previous paper with the degeneration found 
lateral geniculate bodies, corresponding 
two anterior choroidai arteries and with 
described Brouwer and Zeeman. 
the lower right nasal field vision, resulting, 
degeneration found the optic radiation. 
occlusion the anterior choroidal artery 
upon the site obstruction possible, for instance, 
the lateral geniculate body and 


escape; also, since two vessels ust 


radiation, possible for one these structed and not 


other, that part the radiation would escape 
hemianopia the branches the internal 
involved and those the visnal 

upon some such facts must depend the recorded variation 
defect. The very circumscribed areas of necrosis 


tract some cases appear have little effect upon vision 
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unding parts 

pallidus 

-lenticular part 

and 

ind 

the lateral aspect the 
and 


in the 


the head 


ind Schitt-Wertheimer: 


} 


nt 


supply 
posterior limb 
slobus pallidus, the beginning the 


optic 
aspect the lateral geniculate 


and the 

‘rus cerebri; the rest the field 
being overlapped branches the cranial and caudal arteries 
are common but chietly affect the double field 


unimportant clinically. The field major clinical 


terminal area distribution, which least 
variation. 
Complete occlusion the anterior choroidal artery presents 
constant clinical picture because the constancy 


~ 


FINDINGS. 
Path | cy) “al recol Is are avallabl in the cases describe d by Ix lisk ay 

both cases) and Ley: Schiff-Wertheimer gives none and those 
Dr. case are not yet the cases and 
Ley degeneration was found the posterior limb the internal 

ipsule, restricted the posterior half; Schiff-Wertheimer 

tates that all the | ter or limb except 

ppears constant, also part, 

the internal capsule and the opti 
record degeneration the 
tates that occurs Degeneratio 
lateral geniculate body was found 
degeneration optic tract also recognized 
her. addition, the caudate nucleus 
The pathological findings, then, correspond very closely 
both anatomical and clinical investigation 

The anterior choroidal artery has two parts: 

Variations can expressed terms this double field 
the two major vessels may take over more less the area 
distribution the two components. 

man, the artery 
which comprises the posterio 
nternal capsule, most 
middle 
nature, 

which 
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terminal Occlusion individual branches will 
signs and symptoms depending upon 

The usual clinical picture comprises hemiplegia, hen 
and hemianopia, all towards 


he opp 
most constant, hemianopia 


Lit 


these, hemiple 


interior choroidal artery, 


disposal the bulk the material usec 


‘ielding the same department hav 


marsupial material respect 
helpful advice and criticism 


his great store 


S Involved. 
most liable variation. 
Prof. Shellshear Kone aided 
are for valuable clinical data and 
material. 
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OLIGODENDROGLIOMAS THE 
HEMISPHERES AND VENTRICULAR 
OLIGODENDROGLIOMAS 


and Oberling have cor 


but have 
oth ol 
since those 
pressure earlier stage than 
in the he misphe res. He also showed that 


reach the ventricles they may grow diffusely 

their walls, eventually reaching the iter Sylvius and the fourth 

are inclined group with the oligodendro- 

ich Bailey and Cushing called polar 

otherwise their description the tumours agrees with that 

Bailey and Bucy. Both insist the presence mucinoid degenera- 

ive changes the tumour cells which either the cell body the 


intercellular substance becomes stainable 


244 
Les ishing first described under the ongcoden- 
rare forn tumour the cerebral hemispheres Thi 
rat these tumours, the presence them 
between tu rand brain tissue made them particularly favourable for 
reli \ 
1929 Bailey and gave more complete pathological 
tion these tumours, proving that the majority the cells which 
they were composed although and 
transitional forms these and were also present. 
the four tumours described their paper were cystic, 
ntaining and the other show:ng several small 
ect n 
firmed the description given b 
1 
points interest Martin 
to some extent on the } SILK 
line, obstructing the cereb 
intra 
1 4 ] ] . ‘ 
those situated more laterally 
t 


248 ORIGINAL ARTICLES AND CLINICAL CASES 


experience these tumours has shown that they are not 
always innocent and slowly growing the original description sug- 
gested. Abundant mitoses and metastases into the scalp have been 
described Martin and Bailey and Bucy. the other hand the 
presence few mitoses does not necessarily indicate malignancy, 
Bailey and Bucy described case with this type tumour which 
life was prolonged for more than eight after the first operation 

Our experience agrees with that Bailey and Cushing the rarity 


these tumours. have found nine cerebral oligodendrogliomas 


series 230 cerebral which have been examined since 


publication their monograph. accept only the classified gliomas 
their series, their figures, nine oligodendrogliomas among 254 gliomas, 
are almost identical. and Oberling have found them more 
frequently than they speak oligodendrogliomas series 
251 cerebral tumours. 

the present communication wish draw attention the 
alterations from the typical clinical and pathological pictures which 
take place when oligodendrogliomas the cerebral hemispheres 
become cystic and when they grow primarily the ventricles. 
record five cases this kind may value supplementing the 


classical description given Bailey and 


Case woman, aged 61, was admitted 


(Jueen Square, under Dr. Riddoch November, 193 
March, 1931, from headache, vomiting and smel Two 


after the onset symptoms und the right eye only 


September bilateral and 

the Birmingham General Hospital and operation was advised, 
the patient. There had been marked failure memory 
intellectual processes. admission there 

blindness the left eye and temporal hemianopia with loss 
the right eye. The left external rectus muscle was 
right-sided hemiparesis affecting especially the face 
practically unaffected. The pressure the cerebrospinal fluid exceed 
300 mm., and its protein content was mgm. per 100 
skull showed a faint shadow of irregulai calcification in 
region. 

A left frontal craniotomy was performed by the late Sir Perey Sargent on 
December 1931, but spite the relief intracranial pressure vision 
became progressively worse. February 1932, second operation was 
performed which mass red tissue was seen emerging from the 
surface the left frontal lobe. removing nodule this 


microscopy large cavity containing yellow fluid was opened. 


CYSTIC 


attempt 


vs late irom n 


[- 


ractically 
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enin 
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The patient unfortunately die 


the dav af 
been removed operation 
ers of an oligodendrogli 


st ol them were surrou 


These 


nots o collage 
to the National Hos 
1932. 


xtensor, and grasp 
lumbar puncture 
After 


a by Mi Don 


cells 


pit 


ntal convoluti 


ne soft gelatin 


and was removed. 


and when discharged February 


igns but was still dull, apathetic 


April 
paralysed down 
ientated, although 


only added sign 


IOUS 


and 


was 


narrow zone of unstained material No mitoses were seen | | 
from one another honeycomb stroma which was seen 
the oil immersion lens composed knots and short strands 
terial which stained terra cotta with van counterstain and blue 
Mallory’s connective tissue stain. There was collagen the tumour 
the walls the numerous small vessels which intersected 
knots irregularly spherical shape lay among the tumou 
ler the care Dr. Grainger Stewart lary ered 
lepression for four months and later from mental apathy and confusion 
been present four weeks. examination was 
inattentive, confused and disorientated. was present 
visual were full and the visual acuity excellent. The only physical 
found slight left-sided lower facial weakness, and slight weakness 
nerease tone the flexor muscles the left arm. The tendon reflexes 
the left arm and leg were increased and the abdominal diminished 
the left side, but both plantar responses were flexor type. 12, 
pressure the cerebrospinal fluid was 115 mm.; the fluid was otherwise 
X-ray skull disclosed abnormality. January 17, 
progressively more drowsy and confused and rapidly sank into coma 
e | sis of the left art nereased 1 u} idly and there was an excess of extenso1 
both Both plantar reflexes becan 
sure cerebrospinal fluid now 300 phate 
mata and two intravenous injections per cent. glucose consciousness 
January 19, frontal craniotomy was 
\rmour who open la large cystic cavity nder the second on. 
between the frontal pole and the motor area 
abnormal physical and stupid 
ereafter became more confused and hemiplegia 
proved 
part from left-sided spastic hemiparesis the 
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horizontal 

May vomiting recommenced, beca 

Occasional jerking the left arm 

re-elevated the bone flap and revealed a large cystic tu 

he white matter I l right frontal lobe. He remov 
ish gelatinous tumour and then closed the 


hours later without 


tumour 

tolo 

tumour 

] 


} 


which oval vesicu 
visibl except roune 
+ ” ] 
the nuciel wet 
] 


ye Garkiy s 


doubt depended 
handled and fixed. The strom: 
tibres which did 
tibres could seen the central parts 
1 they were fairl lumerous, The numerous 
branched sharply were vessels with 
tissue walls. some these there vidence 
endothelium an few thus bee: 
tissue was received foi 
this bore 
loose texture than 
were now 


however, more irregular size, and 


were seen many places. Most 


many small rim eytoplasm could 
one two long processes which met 
meshes this were wide and conta 
detinitely with muci-carmine. 
many which had fragmented 
such mucinoid material was present 
than karyorrhexis. 
Medium-sized vessels with fairly thick connective 
tbundant In some places several small vessels of 
common sheath thin connective tissue, and 


was evidence considerable endothelial overgrowth. 


i 

3 

and more hemipleg 

May 21, Mr. Arm 

His of Sue rei j Several small ple 
ee ne large) than a pea, were sent tT the lal ratory I S 
ion. what appeared the more central parts 

veecausional nucleus of rather dittere: i 

ol unlform appearance, bul every Heid n 
taining, irregularly shaped nuclei Mitoses, 
fairly regular type, were very numerous, two, three more being pres 

| 

as In every high-power fhe ld In some parts { the tumour each nucleus w 
‘ 

‘Seer > the hbres ol the stroma, and only a few Were In its meshe ese allie 
a a | ce-Work indefinit 
the tumour, but 

histological 
ticuiar astrocvtoma 

r rounded. They wert 
streamed out int 
eticulum In places the 

ss material which staine 
led few rounded cells 
network was more iens 
more evidence mitosis 
] 
tissue walls were 
urvin $c e were el 
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hody 


reticul 


ly nevi 
din sections (10 
aces fairly 


the walls the lateral ventricle the appe: 


W here th ructure Was more Cé llul ul 


e uniformly rou: oval with numerous mitotic 


more 


heavy 


Post-mortem post-mortem examination was performed 
hours after death, the bi n only heing examined The cavity from which the 
tumour had been removed conta ned a considerable quantity of blood-clot Its 
walls were lined wit thin layer tumour tissue which thickened 
hout 1 em. as it was traced mes lly Here the cavity communicated by a 
small opening with the lat ventricle. thin felt-like membrane, raised 
some places int ther thicker cus! lay the inferi surface the 
horn the ventricle. passed down the foramen Mom 
liscernible slight opacity the walls the third ventricle. was not 
visible the Sylvius, but there were traces the fourth ventricle 
The lowe vall ¢ thn poster! horn of the right lateral ventricle was Is 
fine membrane. The left cerebral hemisphere and the left lateral 
ventricle were free any 

Pieces of thet n the wall of the cyst were cut bot! n pa ftin and 
elloidin. The membrane the walls the ventricles was studied celloidin 
ections only. the tumour seen the two met 

embed ling H con it illerences, nd will the efore be dese head 
eparately. 

In i? the mural tu ir differed fro the jleces remove l at 
The the nuclei were still but less uniform 
and shape, addition small oval nuclei larger, irregularly shaped 
forms and multiple nuclei were now abundant few astrocytes 
vere seen with paler nuclei placed excentrically large 
merous fine } cesses were give! I The stroma was still HMMar and fo 

the most part stained undifferentially, but few neuroglial fibres were also seen 
most areas the tumo The distinction between the different elements 
n the stroma Was ( | show) by Mall ry s connective tis ue Stain which 
stained the cytoplasm the astrocytes their processes purplish red, 
vhereas the reticulum whole was stained blu That the latter was not 
connective tissue was shown its indifferent staining with van 
n's nd drau Ss metl ls The med 1m -S1Z¢ | vessels were tly ia 
lomerular multicanalicular type. were not quite numerous 
the tissue removed the first operation. 

ther than fibrous and neuroglial fibres could its margin 
eemed to be mu more clost ly set, and in son : lid bunehes 
elongated masses were seen Mitoses were 
hny int 

vere the whole the nuclei 
tibres were absent very scanty. other places, where the cells were 
sparsely set, the nuclei were more elongated, and there was fairly 
feltwork neuroglial fibres. 
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For the most part the tumour formed zone varying thickness 
the ependymal layer, but places had burst through this, either small 
granules wider cushions. The appearances the smaller granules 
bore striking resemblance those syphilitic ependymitis, except 
that they contained neuroglial fibres. the wider cushions 
isolated neuroglial fibres had passed from the subependymal layer 


neuroglia 


the fourth ventricle only small granules and 
infiltration were seen conditi 
areas the lateral ventricles. 

Case 3 J. C...2 boy 


months from attacks associated with jangling noises the left ear, 

light the left side and sensation trembling the These 

vomiting and diplopia came one month before admissio 

yphasia had been present [o five year's, ind this had recently become se | 
admission hospital, there was detinite left-sided attention hen 


but the tields were normal perimetry. and weakness 


of the rl t external rectus muscle were bserved, al h neither sign h 

been present examination the out-patient department three weeks 

There was sl cht left-sided lowel facial iresis and a ceecrease n power 1n 

left arm The left abdominal reflexes fatigued more easily tha the plit, | 

the tendon reflexes and plantar responses showed abnormality 

slight loss appreciation position and passive movements 

stereognosis in the left hand | 
The cerebrospinal fluid was under was 


i Spite ol enemata ol concentrated iInagnesium sul} ite sol 

patient became drowsier, the papilla lema increased and striate hwmorrh 
ppeared the retina. Constriction the left visual fields 

point discrimination the left foot and the sense position left 
toe became faulty 

On February 22 following a generalized conyulsi t e was left-sided 
homonymous hemianopia. became progressively drowsier and daily int 
venous injections of 100 ¢.c. of glucose were give 

February Sir Percy Sargent performed craniotomy, exposing 
cortex the region the right angular gyrus convolutions 


swollen and fluctuated palpation. cyst containing yell 
tluid which clotted standing was opened this region, and 
like mural was removed from its anterior part 

The patient made uninterrupted recovery. returned work but 


presented himself for examination May, 1933, had recently had 


5 
j 
pee - 
normal. X-ray examinatio revealed small faint tow the poster 
part the right temporal lobe 
Jie ve 
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ilging at the site of peration 
H ¢ } The material 
imerous small soft fragments of tumo 
sembled somewhat that 
na n indefinite cyt 
with one another form 
itlines, looking more lil 
Imost unstained with eos 
phosphotu hen 
M W lt cau 
» t fi 
ss I t l 
ning, were compared 
during the 
icks 
ment v loss « Vis I ich eve 
patient had always had 
during previous 
The pati had lai 


treme collapse, 


less than 
re ind, one on the int 


ind eventually death. 


THE CEREBRAL 
could found and there was 
na ‘i e nuclei vere sm ll, OV il ( 
body running out into processes 

loose network. These processes 
very irregular and often ill-detined 
not stain differentially any thod, 
staining terra cotta with van 
ssue stain faintly pink wit 
They did not with 
mitoses were found this tun 
n r the care of D Carmic el 
before admiss she bee 
nths later, when she complained that 
ticed that her ght eve | 1 turned 
ymptom disappeared Six months 
vdaches whie ecurred t firs 
They began upon 
ucross the forehead na ere 
I \ ch they lasted t distress 
that she had neve enstruated and 
ssion, she had been listless and 
stically shape and 
cussion s of small statu: na 
ere poorty developed Her intel Ct 
inequality pupils was the 
neralized hypotonia with signs 
but definitel) present on the let 
e knee-jerks bein nereased and ol 
inal retlexes were absent, the plantars 
She walked upon wide base 
devel ped severe hea lache n a 


| =}) 
| 
slightly Her visual 
It The visual fields were full. p 
welling measuring diopters 
nly mality noted 
Examination the limbs revealed 
neo-ordination, slight upon the 
The deep were equally 
pendular type The abdom 
tle B No sensory changes were detect 
n ataxie manner. 
\fter ventriculography the patient 
A } -) rle il Was pe » hours 
eat Two flat plexiform neuromas side the 
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thigh, and the other the right occipital region the 


was large and very thin. removing 
the third ventricle, which was distended 
considerable amount cerebrospinal fluid 


ie lateral ventricles. 


the other organs body revealed littl 


thymus was large, pinkish and firm, measuring 
grm. The uterus was small. The ovaries 
section several ripening follicles were seen them 


+ + 


section the brain greyish pink, rather 

ventricle filling the greater part it, 
extended from the greatly dilated 
ie recessus pinealis, ind downwards to the 

tongue ol srowth Was }) otruded 

buli, and 

chant el was 

recessus infundibuli. 

fine gritty particles were found the ante 

he third ventricle were sc 


small dise, only few 


+ 


In cdlameter. 


Hist 


matrix which, 

zone round each 

had fused together, 

hese spaces the matrix consisted 

reticular tissue which stained 

stain but blue with Mallory’s 

metanil yellow great part 

the nuclei, and many the were ringed 

was structureless exudate the tissue spaces this 

The walls the vessel the surrounding 
immediate 
most 

staining rings round the nucle 


seen some places the zone where the tum 


the ventricles. 
several endothelial layers and a thin connective 
tumour from the periphery, being much more 
tumour. few small calcified knots lay 
the general matrix without any necessary 
vessels other collagenous structure. 

The zone bet 


was everywhere fairly narrow, 


D\ 
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ne brain the infundib ilar region o 
thin, tore across giving exit 
Selatil is tun lr Was see! 
but leaving the anterior third 
reach the recessus infundi 
it ya fine ¢ psule \ narro 
onro and the distende 
were aiso distended Som 
the tumour. The walls 
nes vth, W CN Was thus 
t j thicl na -areel +} 
lar and some 
ir with van Glesons counts 
stain. With muci-carmine and 
With a red hh Where there 
a rvous tissue stained yellow and 
. 
r was there any red staining in 
sranules. the whole there 
t j } 
Parts ¢ the tul ur, but read 
mesnwt b tween th coul 
IcK Wallis Which consisted ol 
tissue sheath, ran into t 
erous near edge the 
irt of the tum being set 
7 | + 
_ 
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new 


astrocytic 
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was invaded there was 
astrocytes and their fibres, but 


tibres could seen 


vas admitted the National Hospital 
nes on May 30), 1932 She had suffered for 
were fil infrequent, 


lront 


visual acuity 


variable left-sided 1 facial 


The tendon reflexes the 
se on the right and the left super- 
There 


1d passive movem«e nt, 


position the 


skull very deeply, 


hollowed out 
had not 


id processes hh id 


is no Cc ipsule 


i.lways a considerable : 
the tumour 
Case L., woman, aged 
seven years [ro headaches whic 
ssociated with vertically directed flashes light her eyes. 
the headaches became more and were felt above the right eve and 
the right temple. When they were severe she would feel nauseated and 
sometimes vomited. Three years before admission she complained feeling 
steady feet when the dark, and later this was also noticed 
the daytime She complained also and transient 
npleasant smells, for there was apparent cause One month 
fore ssion she was found under her bed unconscious and afterwards 
SAW ¢ ble for t ( weeks 
esis with protusion the tongue 
abdominal were diminished 
lise nation and stereognosis the left side She walked steadily 
cautiously, first rising from bed she sometimes tended fall 
cerebrospinal fluid was under initial pressure 270 mm. rising 
very slowly mete \fter removal fluid the pressure 
very slowly Bilateral jugular compression then caused fairly 
rise 2701 m., the fall consequent upon release pressure 
extremely slow. The fluid was yellow colour and contained per 
ent 1 } tein 
X y of the skull revealed n enl ed pit itary fossa with an erosion 
through its floor into the sphenoidal sinus. The sphenoidal ridge upon the 
ght side was much thinned. vascular channels, the 
She died with symptoms excessive intracranial pressure August 
1932 
Post-mortem exa tion.—Twenty per cent. formalin was injected into the 
sterna basalis throug the orbit into the cisterna magna within two 
yurs of death. When the brain was removed next day a soft gelatinous mass 
tumour was found the supra-pituitary region. the 
pituitary fossa, pushing the pituitary body down, but the 
pituitary stalk. The posterior been completely eroded 
could not There the growth, and 
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tumour substance was found the ventral surface the pons. Whether 
these growths were altogether subarachnoid could not made out owing 
the trauma occasioned injection formalin. There 
hydrocephalus with stretching and fenestration the septum pellucidum. 

section the brain the median sagittal plane soft gelatinous 
tumour, its central parts, was found the fourth ventricle, 
filling and the iter Sylvius and attached the floor the fourth ventricle 
which appeared penetrate for mm. The third ventricle, like the 
lateral ventricles, was greatly dilated, and the infundibular region of its floo 
was ballooned out. There was evidence infiltration the walls the 
third lateral ventricles tumour. 

Histologically the tumours the ventricle and the subarachnoid space 
were similar character with minor They consisted 
fibrillar matrix, studded with small, round, darkly staining nuclei, 


around which definite cell body could seen. mitoses could seen. 


The matrix varied appearance conditions fixation and 
embedding. the subarachnoid growth consisted partly diffuse, rather 
granular substance, and partly, sections, had shrunk into 
indefinite reticulum enclosing clear spaces, some which contained 
structureless material which remained unstained with eosin, took faint pink 
stain with van counterstain, and stained fairly intensely with muci- 
carmine and with the aniline blue connective tissue stain. These 
staining reactions indicated its mucinoid character. The reticulum itself gave 
somewhat similar staining reactions, and its structure suggested that was 
formed shrinkage fluid mucinoid mass during the processes fixation 
and embedding, rather than that represented pre-existing tissue. the 
ventricular tumour the structure was similar the parts furthest from the 
ventricular wall, and here also mucinoid exudate was present. But one 
approached the wall there was increasingly large admixture fairly large 
astrocytes with long fibrous processes which passed for considerable distances 
the matrix the tumour. There was thus intermediate zone where 
neuroglial fibres could stained differential stains (e.g., con- 
nective tissue stain and acid indifferently 
stained matrix. This appearance was especially well seen celloidin sections. 
There were numerous fairly thick walled vessels the centre the growth 
but the more peripheral parts they were scanty and the walls the smaller 
vessels consisted merely endothelial cells. the subarachnoid growths 
there were fairly numerous vessels with very thick walls hyalinized 
collagen. 
DISCUSSION. 

his closely reasoned article Purdon Martin described two cases 
oligodendroglioma and reviewed seventeen other cases which had appeared 
the literature. divided the cases into two groups, the first group 
sixteen cases comprising those which lay laterally the cerebral 
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PLATE VIII. 
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Fic, 2. 
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Case 2.—High power view tumour removed first operation (paraffin section). 
The nuclei are rather less regularly arranged than slower growing oligodendrogliomas. 
Two mitotic figures are seen. 

Fic. Case 2.—Low power view growth the wall the lateral ventricle (celloidin 
section). The very cellular growth seen both underlying and covering the 
The junction tumour with normal brain tissue forms even line. 

Fic. 2.—Paraffin section tumour removed second operation which has 
more myxomatous appearance than figs. and The greyish areas contain mucinoid 
exudate. 


Fic. Case 3.—Paraffin section tumour removed operation. Note the close 
resemblance fig. 


illustrate Paper Greenfield and Robertson. 
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PLATE IX. 


Case 4.—Section ventricular tumour showing regular small nuclei, most 
which are surrounded clear zones. Numerous calcified knots are seen grouped beside, 
and occasionally in, the walls the blood-vessels. van Gieson. 

Case 5.— Low power view ventricular tumour (celloidin section), showing small 
nuclei even size lying structureless stroma, with numerous vessels fairly large 
van Gieson. 

Fic. Case tumour (celloidin section) stained with Azan 
stain. the original section the nuclei and some the fibrillar stroma were stained red, 
the walls the blood-vessels and the areas mucinoid deposit (indicated arrows 
stained blue. 


Fic. Case 5.—Tumour cisterna basalis (paraffin section) stained with 
phosphotungstic acid hematoxylin. Although few dark purple staining (neuroglial) fibres 
are present the section, the reticulum seen the figure stains pink and contains 
neuroglial fibres. The clumping nuclei small groups was only seen this area the 
section. Otherwise the section resembles figs. and 


illustrate Paper Greenfield and 
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hemispheres and the second smaller group those which lay the mid- 


line the brain. the former group symptoms began late life, 
average when the patient was years age, the extremes 
being and 45. The tumours were invariably calcified, depending upon 
their much longer life history, and they produced symptoms, chiefly 
irritative nature, for considerable period (on average four years 
and eight months) before operation became necessary. Long periods 
complete remission symptoms were characteristic. The primary 
operative results nearly all cases were Cushing, however, 
remarks that the tumours often attain such large size before operation 
becomes urgent that their complete removal well-nigh impossible. 

Martin’s second smaller group The symptoms began much 
earlier age, the course was much shorter, there was calcification 
the tumours and the results operation were 
deduces from the the age onset the symptoms the 
two groups that the origin the tumour most instances 
referred the early adult life the host, the mid-line group producing 
symptoms obstructing the circulation the cerebrospinal fluid, 
eighteen and half earlier than those placed laterally the 
hemispheres. concluded that the oligodendroglioma 
growing tumour, liable calcification and producing symptoms (unless 
mesially situated) only late its life history when degeneration 
conclusions are similar, but his last book 
refers also more rapidly growing tumours this form. 

The five cases here described fall readily, virtue their situation, 
into Martin’s two groups. ‘There was, however, considerable disparity 
age the two patients with mid-line tumours, one being and the 
other 50. The three tumours located the cerebral hemispheres all 
contained large cysts, and this cystic character may correlated with 
the clinical history the cases. The ages which serious symptoms 
appeared our cases were much more widely spaced than the sixteen 
laterally placed tumours collected Martin. our youngest patient 
they appeared eleven years earlier than his youngest, and our 
oldest patient sixteen years later than his oldest. the cases 
laterally placed tumours the total pre-operative course much shorter 
than the average (four and three-quarter years) the collected series 
The youngest patient had the clinical history seventeen months, 
the next oldest had been ill for four months, and the oldest for eight 
months had the last patient not refused operation this period would 
have been much shorter. (In this case the rapid failure vision, due 
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direct pressure the cystic tumour the left optic nerve and tract, 
was additional cause for operative interference.) short pre- 
operative course and rapid onset symptoms increased intracranial 
pressure must due increased rate expansion the tumour 
cyst associated with it. 

The second case affords the most striking example the rapidity 
onset symptoms intracranial pressure. The pressure the cere- 
brospinal fluid was 115 mm. four days before the onset confusion, 
coma and bradycardia; these physical signs were associated with rise 
patient symptoms increased intracranial pressure were present for 
only five weeks, and for only four weeks, before the onset 
serious symptoms necessitating treatment dehydration. each 
these two cases the administration intravenous glucose solution 
was valuable pre-operative measure. 

Only one these three cases showed irritative symptoms, and these 
accurately localized the tumour, which apparently arose the region 
the right angular gyrus. other two tumours were situated 
the frontal lobes, and their symptomatology was dependent destruc- 
tion cerebral tissue and local and general pressure. Martin, 
reasoning from the evidence before him, suggested that calcification 
occurs during the later years the life history the tumour when 
undergoing degeneration. Yet the cases here described the X-ray 
the patient years showed localized area calcification, and 
calcareous deposits were found histologically the intramural 
The frontal tumour the patient aged showed calcification. 

the other hand our two cases mid-line tumour had long pre- 


operative histories. The hydrocephalus Case had been present 


since infancy and the time examination was considerable 
degree with the typical cracked-pot note percussion the skull and 
beaten silver appearance and separation sutures X-ray examina- 
tion. the post-mortem examination the only obvious cause for the 
hydrocephalus was the tumour, which therefore had probably been 
present since infancy. Case definite history symptoms 
seven years was given. allow for the relief pressure which 
would provided for the expansion child’s skull, this period 
becomes comparable the duration the hydrocephalus Case 
These two small ventricular tumours are thus remarkable instances 
the slow rate growth some oligodendrogliomas. 

The operative results these cases were almost uniformly bad. 
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The first case died septic meningitis after two-stage attempt 
removal. ‘This was the more unfortunate the post-mortem examina- 
tion showed that the removal was almost complete. The rapid recur- 
rence symptoms Case necessitated second operation four 
months after the first. Had survived this operation death could not 
have been long delayed reason the extensive ventricular spread 
Our third patient has remained well until the time writing, fifteen 
months after his operation. Surgical removal the two 
tumours was not attempted. 

interesting point may here raised connection with the 
cerebrospinal fluid findings Case which may interpreted the 
result increased intracranial pressure, combined with block the 
communication between the fluid the ventricles and that the 
subarachnoid space. The very slow rise fluid the manometer 
pressure, the slow pressure changes (especially 
marked being the very slow fall after release jugular compression), 
ind the yellow fluid with high protein content, may considerable 
importance the diagnosis tumour the fourth ventricle. 

On the pati ogical side these cases present certain features which, 
although not new, merit more attention than has been paid them 
the past. The first which wish draw attention the alteration 
tumour type from that typical and easily recognizable oligoden- 
droglioma, that reticular tumour containing mucinoid substance 
its meshes. Martin described and figured the appearances the 
ventricular metastases one his cases which similar reticular 

was seen. did not, however, find evidence mucinoid 
substance the meshwork the tumour. this latter point 
and Oberling have drawn attention their atlas, and 
illustration shows cells elongated form resembling 
embedded solid matrix which stains pink with muci- 
carmine. but there here very little suggestion network 
processes such found Cases and Although they not 
adduce such direct evidence relationship Martin and ourselves have 
done, probable that and Oberling are justified linking 
their the oligodendrogliomas. The network 


probably, Martin suggested, partially artefact (i.e., the precipitation 


and shrinkage colloidal matrix and for this reason most evident 
paraftin sections), and partly the result the growth the tumour 
cavity where there nothing prevent the separation the cell 
bodies from one another, The latter supposition would explain the 
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different appearance the mural nodule removed the second opera- 
tion Case from that found the first operation, for this nodule 
must have grown into pre-existing cyst. the same time the 
histology this nodule seemed explain the formation mucinoid 
material degeneration product the tumour cells, since was 
most abundant areas where degenerative changes the nuclei 
most evidence. Bailey and Bucy have drawn attention this point, 
and, following Grynfeltt, Pelisser, and Bailey and 
consider that mucinoid substance produced degeneration 
oligodendroglia. 

The second point the character the stroma reticulum 
oligodendrogliomas. This appears with low magnifications, 
sections least, consist fine fibres which form honeycomb 
network which the lie. But with higher magnification and 
suitable staining possible see that this apparent network 
formed continuous fibres but interrupted rods and granules. When 
the tumour grows into the cavity cyst free the walls the 
ventricles, fairly definite fibres appear even celloidin sections, although, 
has been noted, these may some extent artefact. The staining 
reactions this material also are interest, that always takes the 
indifferent stain with mixtures anilin dyes, orange with van Gieson’s 
counterstain, and blue with Mallory’s connective 
latter valuable differential stain for neuroglia fibres which stains 
purple, and most gliomas stains nothing blue except the 
tissue the vessel walls. oligodendrogliomas, the other hand, 


much the reticulum stains blue, although one can see few neuroglial 


fibres some parts the growth, especially where invading the 


brain. 

and Oberling seem have missed this point their atlas 
which they describe the fibres which stain with anilin blue collagen 
That the reticulum not connective tissue origin shown its 
failure stain Perdrau’s method. therefore lay some stress 
the use Mallory’s connective stain and its derivatives such 
oligodendrogliomas from other forms glioma. 

seems probable that this characteristic stroma oligodendrogliomas 
closely related the mucinoid material which results from the 
degeneration oligodendroglia cells. stained faintly with muci- 
carmine, and its reactions with Mallory’s connective tissue stain and 
vith Heidenhain’s azan are similar those mucin. Further, its 
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appearance granules short irregular strands suggests precipitation 
during fixation from substance fluid state. 

Unfortunately, were unable this series cases stain 
oligodendroglia selectively silver carbonate. The fragments removed 
operation were very small and soft and did not allow frozen 
sections. And the post-mortem material the method gave uncertain 
negative results, usually the case. had therefore rely 
for our diagnosis the general histological picture the tumours and 
the reactions their stroma anilin dyes. Case our failure 
demonstrate oligodendroglia fibres silver staining may lay this 
liagnosis open doubt, and the diagnosis Case some extent 
that Cuse our reasons for the latter diagnosis may 
recapitulated. the original operation material was diagnosed 
from its general histological appearance and staining reactions coming 
growing oligodendroglioma. The structure the material 
from the second operation, although reticular, was very different from 
that any and was fact not unlike that myxoma 
Buta comparison with the material from the first operation showed more 
similarities than were apparent first sight. The differences were 
ndeed easily attributable conditions growth cystic cavity. 


The post-mortem material resembled the tissue removed the first 


peration rather than that taken the second, although the interval 


between the latter operation and death was only few hours. 
ilmost all the tumour the walls the cavity represented the 
where tumour was brain tissue, and therefore 
large admixture neuroglial fibres. Only one two 
places could the tissue considered consist solely tumour cells, but 
these the resemblance the tumour removed the first opera- 
tion was very close. the naked eye also the post-mortem tumour 
resembled oligodendroglioma much more closely than any other form 


Although was invading the normal brain round the walls 


the cavity, its margin was well defined and was more 
with the cyst wall, although the thickness the 
tumour varied different parts. Another point resemblance 
was that, spite the malignant appearance the 
umour the time the first histological examination, had not 
any great size when the patient died four months later. was 
nowhere much and most places only few millimetres, 
thickness. 

The growth the ventricular walls resembled very closely that 
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seen Case and was another point favour the 
diagnosis oligodendroglioma. our case, however, appeared 
have earlier stage ventricular metastasis, and such large masses 
were found were seen case. similar was the 
diffuse infiltration which covered the lower parts the ventricular 
valls and which appeared spread centrifugally from the main tumour 
mass. This resemblance was perhaps greater the naked eye than 
microscopic examination, our case the growths were more 
ependymal than free the surface, but where the tumour 
penetrated the ependyma the similarity was fairly close. 

The occurrence oligodendrogliomas as_ primarily 
growths was indicated Carnegie Dickson Cases 
are very characteristic examples this. both the history was 
lone one. attribute the hydrocephalus Case solely 
the tumour, the latter must have been present for about fourteen 
but was still little more than the size broad bean death. 
can little doubt the diagnosis this case, the appearance 
the tumour, including the knots calcification the matrix 


typical enough. Case these had relation any collagen 


Case special interest owing the presence subarachnoid 


metastasis the basilar cistern. The growth here had reticular 
appearance very similar that removed the second operation 
Case and the intracystic tumour Mucinoid 
had taken place both these ventricular tumours probably owing 
the scanty blood supply, but neither were there mitoses 
rapid growth. fact both the history and the appearance the 
tumour Case indicated slow rate growth, spite the absence 
calcification. appear therefore have this case 
metastatic spread along the cerebrospinal pathways 
oligodendroglioma slowly growing type. This probably very 
rare occurrence. Both Martin’s Case and our Case ventricular 
spread occurred from tumour which showed many mitotic figures and 
gave other evidence rapid growth. The spread from the fourth 
ventricle the basilar cistern probably took place through the foramina 
Luschka, there was evidence tumour the region the 
cisterna magna. The distance which the tumour had spread would 
thus only one two centimetres. Spread the subarachnoid space 
from spinal tumour but does not make 


clear whether this was slow more rapidly growing type. 
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SUMMARY. 


Five cases oligodendroglioma the brain are described. Three 
were cystic tumours the cerebral hemispheres, and two were mid-line 
ventricular tumours. 

age distinction can made between laterally and medially 
placed tumours this type. The former occurred patients 
61, and the latter patients and years age 

While small medially placed tumour, blocking the exit 
cerebrospinal fluid from the ventricles, may produce severe symptoms 
larger laterally placed tuniour, the great variation the ages 

patients evidence that the tumours may begin 

‘he tendency oligodendrogliomas bears 
relationship hos Calcified knots were found 
tumours our two patients 16. this series cases they occurred 
the stroma mour and were not related the walls 
vessels other connective tissu 

The histories and the rapid onset urgent 
symptoms our cases laterally placed tumours were related the 
expansion cysts associated with slowly growing tumours. 

The rate growth and malignancy these tumours vary from 


case case Cases with ventricular and subarachoid metastases have 


been reporte and have described further instances both methods 


spread. 
may alter its histological appearances, assuming more myxomatous 
Under these conditions growth particularly liable give 


mucinoid exudate which may form large accumulations. The 


I 


largely from shrinkage this mucinoid material. 


desire express our thanks the honorary medical staff 
National Hospital for permission use the records these cases 


reticular appearance seen, especially sections, appears arise 
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THE PRESENCE EFFERENT FIBRES POSTERIOR 
SPINAL ROOTS. 


SIDNEY KAHR, B.S., M.D., 


INTRODUCTION. 


THE question the existence efferent fibres posterior spinal 
roots has engaged the attention many investigators since the enuncia- 
tion the Bell-Majendie law. The presence such efferent fibres 
several the lower vertebrates has been well established, but still 
controversial point whether they exist the higher mammals. The 
possibility the existence this disputed system fibres great 
anatomical interest and provokes far-reaching physiological implications. 
The belief that such fibres did not exist the posterior root part led 
Bayliss formulate the law antidromic action explanation the 
vasodilatation which occurs stimulation the cut peripheral stump 
the posterior spinal root. Later Kuré attributed trophic functions 
these fibres, and believes that the progressive muscular 
dystrophy sought lesions this efferent system. Pathological 
changes his so-called spinal nervous system are 
mentioned Kuré and his co-workers cases tabes, syringomyelia, 
leprosy and sclerodermia. believes that the trophic changes are 

nly part dependent the circulatory disturbances resulting from 
nvolvement these efferent fibres. 

the presence efferent fibres posterior spinal roots 
firmly established, the questions trophic centre, its central and 
spinal connections, and possible relay station the spinal ganglia 
will naturally arise. the present study have confined our 
ittention purely anatomical consideration the problem. 
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LITERATURE. 

That vasodilatation occurs mechanical and electrical stimulation 
the peripheral stumps cut posterior spinal roots was first shown 
dogs Stricker (1877), and this has been since confirmed 
investigators, including (1889), Hasterlik and 
Bayliss (1900) and Langley (1923). More recently Foerster 
has demonstrated vasodilatation man stimulation all 
posterior roots, from the high cervical the lower sacral, and has 
shown that the area vasodilatation has strictly dermatomal 
distribution. 

far back 1887 Bornezzi, from physiological experiments, came 
the conclusion that vasodilator fibres run centrifugally all the 

] 


posterior roots, but histological evidence support this 


deduction did not appear until some time later. 


+ 


(1863) had shown from his study Petromyzon that posterior root 
fibres arise from posterior horn cells and from small cells which 
between the anterior and posterior horn. This observation was con- 
firmed Freud (1879), who demonstrated this animal that two- 
thirds three-fifths the fibres the spinal ganglion are 
communication with the spinal ganglion must remembered 
however, that the posterior horn cells Petromyzon are bipolar and 
resemble those the spinal ganglion, vestigial condition where 

the cells properly belonging the posterior root ganglion are situated 
the spinal cord. 

Ramon Cajal (1890) and (1890) were able demon- 
strate the chick embryo fibres the posterior roots, fibres 
which spring from the posterior part the anterior horn 
through the posterior root and spinal ganglion without connection with 
bipolar cells the latter. also observed the presence otf 
these efferent fibres vertebrate, but does not state the species, 
nor does offer histological evidence these findings. Van 
(1893) confirmed and observations, and agreed with 
the latter workers the nature these fibres. Working 
Vejas after tearing out anterior and posterior roots, 
observed that the central stumps disappeared The operative procedure 


permits possible extensive damage the cord and makes the drawing 


definite conclusions unwarranted. Joseph using cats, cut the 
second cervical nerve between the ganglion and the cord, and six 
eight weeks later examined the stumps after staining with Marchi and 
osmic acid. observed few degenerated fibres the ganglion and 
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the peripheral nerve, and from his experiments concluded that from 
the spinal cord number fibres arise and traverse the posterior root 
ganglion without entering into any relationship with the bipolar cells. 
The possibility retrograde Wallerian degeneration and the failure 
report the condition the central stump open his work criticism. 
Singer and Miinzer (1893), and others, were unable 
confirm the findings Vejas and Joseph. 

Sherrington operating cats and monkeys, examined 
the distal and proximal ends the cut posterior roots after section 
between the cord and the ganglion. used osmic acid the stain. 
some his experiments the anterior roots were also cut, and 
others the spinal ganglion was excised. The time allowed for degenera- 
tion varied from nine forty-two days. Sherrington concluded that 
his observations confirmed the original observations Waller, that 
the posterior roots fibres pass from the spinal cord outwards 
through the spinal ganglion; all pass towards the spinal cord. These 
conclusions are, however, rather ambiguous, for two his experi- 
ments cats, where the spinal ganglia had been also excised, the spinal 
ends the cut posterior roots showed number small intact fibres. 
states, examination revealed great numbers 
delicate myelinated fibres varying from diameter. These 
possessed perfect continuity and were clearly not degenerating. They 
vere scattered throughout the whole thickness each root. They 
much resembled young regenerating fibres. Inasmuch the 
spinal ganglia had this experiment been each case actually excised 
difticult understand how regeneration any root fibres could 
have discussing the nature these intact fibres, 
Sherrington writes, cannot explain the presence the minute 
fibres the spinal portion the dorsal (posterior) root 
tive weeks after excision the ganglion. the course the second 
and third weeks have not found them. Their existence beyond 


juestion, also the completeness excision the ganglia, which were 


preserved the time operation. reserve discussion their origin 


until subsequent This work was performed the lumbo- 
sacral nerves. later work thoracic roots, cat and two 
monkeys, Sherrington (1897) examined the proximal stumps (on 
average fourteen days later), and found fibre was state 
advanced concludes, these animals, therefore, 
eleven dorsal (afferent) spinal roots, taken from the region the cord 
whence arise the efferent fibres the sympathetic system, not 


contain any nerve-tibre possessing intraspinal origin.” 
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the basis the assumption that there definite histological 
evidence the presence efferent fibres the posterior roots 
mammals and the results physiological experiments, Bayliss 
(1900-01) postulated his theory action. accepts 
Sherrington’s conclusions, and mentions also the fact that has been 
able confirm them with respect the lower lumbar roots dogs. 
also regards conclusive the work Singer and Miinzer (1890), 
Miinzer and Wiener (1895), and Kohnstamm (1899), who were unable 
confirm Joseph’s findings the mammal. 
experiments Bayliss divided the lower lumbar and first sacral posterior 
roots seven dogs close the spinal cord. Eight fourteen days 
later stimulated the peripheral cut ends these roots 
obtained vasodilatation. another series experiments removed 
the complete lumbar cord, and eight days later stimulated mixed nerve 
and obtained muscular twitchings (proof the degeneration the 
anterior component), but vasodilatation ensued. concluded that 
the vasodilator fibres the posterior roots, whatever their nature, 
not degenerate section between the posterior root ganglion and 
cord, that they are not spinal efferent Later demonstrated 
that they degenerate when posterior root ganglia are extirpated 
and that hence their trophic centres are these ganglia. These con- 
clusions are only valid the acceptance the fact that the fibres 
described Cajal and and Joseph mammals, travers- 
ing the spinal ganglia without entering into any relationship with the 
bipolar cells, are the efferent vasodilator fibres 
(1931), however, will seen later, believes that these efferent vaso- 
dilator fibres, arising from cells the spinal cord and traversing the 


posterior roots, possess relay station the spinal ganglion. this 
true, the results Bayliss’ physiological experiments are compatible 
with the presence these fibres, without the necessity hypothe- 


cating antidromic impulses. 

Lugaro (1906), sixty days after removal spinal ganglia dogs, 
found the posterior reot fine fibres and rarely normal 
fibres. mentions the possibility regeneration occurring 
invasion fibres from the anterior root. However, presents 
histological evidence for this, and more inclined the view auto- 
regeneration. 

Ranson (1914), series ten cats, ligated cut the anterior 
and posterior lumbo-sacral roots proximal the ganglion. The period 
allowed for degeneration was fourteen days. studied 
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the proximal stumps after staining with Marchi, Pal-Weigert, and 
pyridine silver. Almost all the fibres the posterior root enters 
the cord were degenerated. However, five cats, the sections which 
were stained pyridine silver, small number fine axons normal 
appearance were found entering the cord. two other catsa few fine 
medullated fibres normal appearance were seen entering the cord from 
the degenerated roots. two the cats the first series, twenty- 
four days after the roots had been tied, some the fine axons the 
dorsal roots were branched, but the end bulbs typical regenerating 
fibres were not seen. emphasizes the fact that these fibres were 
much more abundant near the cut end the root but some could 
clearly traced the root entered the cord. concludes 
can question but that the presence great numbers 
these fine axons the degenerated roots can only explained the 
basis their being regenerated. not easy decide how 
regard those few axons that end beyond the transition point into the 
cord. possible that they are efferent fibres and equally possible 
that they are regenerated Ranson regrets that the spinal ganglia 
were not removed this series experiments exclude the 
possibility regeneration. Only excluding this possibility can the 
question efferent dorsal root-fibres (1929). this later 
paper, Ranson, discussing the same experiments, remarks that the time 
which had elapsed before study was sufficient for the appearance 
regenerating fibres. 

Kuré (1931) and his pupils approached the problem from the aspect 
the tonic autonomic innervation striated muscle; Frank (1921) 
nad previously supposed parasympathetic tonic innervation striated 
muscle and concluded that reached the muscles way the posterior 
roots. the nature our problem purely histological only 
propose discuss the evidence brought forward Kuré and his co- 
workers for the existence efferent fibres the posterior roots. 
large series dogs sectioned cervical, thoracic, lumbar and sacral 
posterior roots between the spinal ganglion and the cord, and then 
studied the proximal and distal stumps after staining with the Weigert- 
hematoxylin method. Varying periods time, extending several 
months, were allowed for complete degeneration. Kuré found the 
proximal stumps great intact finely myelinated fibres, 
per cent. which were diameter. The numbers the 
different roots were variable; and always there was disparity, often 
striking one, between the greater number the central stump and 


ORIGINAL ARTICLES AND CLINICAL CASES 


the corresponding fibres the distal stump. Upon the persistence 
finely myelinated fibres the proximal stump, and the appreciably 
smaller number the distal stump, Kuré part bases his evidence for 
efferent fibres the posterior root. 

Kuré did not apparently remove the spinal ganglia, evident 
that regeneration the distal stump may have occurred from intact 
ganglion. Ranson demonstrated that this happens (1914). 
regeneration myelinated fibres cccurs (Ranson) after fifty-four days 
and studies were usually made after longer periods, extreme 
variability the number fine medullated fibres the distal stump 
would expected. This fact casts doubt upon the uniformity the 
figures given 

His co-workers, particular Kawaguzi studied the cord 
with Nissl stain following section the posterior roots. They claim 
find constant changes (retrograde) the small cells lying between 
the anterior horn and substantia gelatinosa. They state that these cells 
are similar the autonomic cells shape, but show changes 
after extirpation the sympathetic cord, and further that their number 
corresponds closely with that the finely myelinated the 
posterior root. retrograde changes these cells following section 
the posterior root are given presumptive evidence that the efferent 


‘ 


fibres the posterior roots (called Kuré the spinal parasympathetic 


arise from these cells. Unfortunately photomicro- 


graphs are unsatisfactory and unconvincing. the basis the fact 


that the cranial parasympathetic fibres have relay station distally 
situated ganglion (pre- and post-ganglionic neurones), Kuré assumes 
that his parasympathetic relay the spinal ganglion 
without offering any histological evidence for such assumption. 
That multipolar cells exist the spinal ganglia has been shown 
Dogiel (1896) and many others, but that these cells are direct 
relationship with efferent fibres the posterior roots yet unproven. 

Previous work cellular changes following posterior root section 
had been done Warrington (1898), Spiller (1900), Lapinsky (1907), 
and Timashetf cut several posterior roots from 
the fifth the ninth thoracic, using the intradural approach, and noticed 
marked alteration the cells the postero-external group the 
anterior horn, but these were also observed lesser degree the 
opposite side. Warrington considered that the changes were the result 
the withdrawal the afferent impulses which normally impinge 
upon the anterior cornual Spiller found distinct alteration 
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the cells the anterior horn following posterior root section three 
cats. experimented dogs and used the extradural route. 
Usually only one, occasionally two, posterior roots were cut. Two 
four weeks later was able see pathological changes several 
the cells column, and lesser extent the anterior horn. 
Unfortunately the anterior root also showed considerable degree 
Marchi degeneration, that the results cannot finally accepted 
entirely due the posterior root lesion. Nor his evidence that the 


proximal stump the posterior root appears completely degenerated 


sufficient exclude the possibility intact fibres remaining, since such 
fibres would with great difficulty recognizable Marchi preparations. 
Timasheff cut lumbar posterior roots dogs, and after period three 
fifteen days studied the distal stumps preparations stained 
Marchi. found that about per cent. the fibres underwent 
degeneration. preparations the cord showed chromatolysis 
some the cells the corresponding segments, chiefly the antero- 
lateral parts the anterior horn. Such changes were observed 
mainly the grey matter the same side, but also some extent 
that the opposite side. concluded from his results that 
centrifugal fibres exist posterior roots. 

Gagel has examined the central stumps severed posterior 
roots man eight cases, which posterior rhizotomy had been 
performed Foerster. one these, five years had elapsed since 
the time the operation. cases the central stump was cut serially 
and stained for myelin sheaths. every case Gagel found many finely 
myelinated fibres, and the zone the cord where the root enters 
these could clearly seen, though was not possible trace them far. 
interesting that these fibres were more numerous those patients 
who had survived the operation for longer periods. Gagel considers 
this may due radiculitis, that individual variations might explain 
it. concludes that there question the existence these 
finely myelinated fibres the proximal stump man, that they are 
clearly anatomically efferent, but that there still clear proof their 
physiological function. 

Gagel also examined the spinal cord with the method 
human material and from two monkeys which posterior roots had 
been divided Foerster. observed changes the cells the 
intermedio-mesial group the anterior horn and the large cells 
the posterior horn, the level the divided root. Similar changes 


were seen the cells Clarke’s column both sides the cord, 
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but level one two segments above the site operation. 
concluded that the retrograde cell changes observed were part 

Selle (1930), working Miiller’s clinic, gives clear résumé 
Kuré’s work and entirely agreement with his findings. 

Tower (1931), search for trophic influence posterior spinal 
roots skeletal muscle, operated four cats, sectioning the posterior 
root one segment (lower cervical and upper dorsal) proximal the 
ganglion, and combining the operation with complete excision the 
corresponding spinal ganglion. The animals were left four, six and 
twelve months respectively. The central stumps the posterior 
roots these experiments were stained Marchi, Weigert-Pal and 
Bielschowsky. Her study the central stumps showed numbers 
fine nerve-fibres, 2-3 diameter, the majority unmyelinated after four 
months, but after one year many, not most, were thinly myelinated. 
They were most numerous the cat, which was allowed survive 
twelve months after the operation. Some these fibres penetrated the 
spinal cord along the blood-vessels, but none probably through the root 
zone proper. the latter area the entering fibres were surrounded 
neuroglia, and some fibres were seen terminate small growing 
knob. Since the posterior root ganglia (and the sympathetic also one 
case) were completely excised, Tower concludes that the ventral root 
must the major source the fibres invading the vacated posterior 
root stumps. Many the fibres could actually directly traced from 
the ventral roots. The ventral root-fibres involved this regeneration 
were chiefly the superficial layer adjacent the cicatrix, i.e., those 
probably damaged the time operation. The nerve-fibres found 
the proximal stumps severed posterior roots, and described Kuré 
spinal parasympathetic, are regenerating fibres from the ventral root. 
They neither enter nor emerge from the cord, except small fraction 
which utilize the perivascular connective tissues route 

The most recent criticism Kuré’s work has been advanced 
Kiss (1932). prolonged osmic acid stain, has examined the 
cranial spinal and sympathetic ganglia various vertebrates, and has 
confirmed the presence multipolar cells the spinal 
ganglia. concludes that the effective (centrifugal) fibres the 
posterior spinal roots are preganglionic fibres these sympathetic cells. 
Kuré considers them the parasympathetic preganglionic fibres cells 
situated the same spinal ganglion, from which the postganglionic 
fibres pass their peripheral destination sometimes through the 
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Fic. 1.—Longitudinal sections posterior root (Bielschowsky), showing contrast between 
(a) normal side and (b) operated side. (b) shows intact axis cylinders with occasional 
degenerated fibres still seen. Sixty-nine days after posterior and anterior root section 
and excision spinal ganglion. 120. 

Fic. 2.—Intact axis cylinders arching into the base the posterior horn (Bielschowsky). 
Forty-five days after posterior and anterior root section and excision spinal ganglion. 

3.—Normal myelin sheaths posterior root (Weigert). Thirty-six days after 
posterior and anterior root section and excision spinal ganglion. 300. 

Fic. 4.—Transverse section distal end cut posterior root (Marchi), showing degener- 
ating myelin sheaths. Fourteen days after intradural posterior root section. 120. 

Fic. 5.—Myelin sheath degeneration nerve bundle muscle (Marchi), Fourteen 
days after intradural posterior root section. 135. 


illustrate Paper Kahr and Sheehan. 
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6.—Intermediate zone spinal cord (Nissl). operated side, and shows diminution 
number these cells. 66. 

7.—Typical large cell from the intermediate zone, operated side, showing central 
chromatolysis and eccentrically placed 

Fig. 8.—Anterior horn cell, operated side, showing typical early cell 
changes (Nissl). 260. 


illustrate Paper Kahr and Sheehan. 
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sympathetic cord splanchnic nerve. Thus, from anatomical stand- 
point, Kiss’s view does not appear differ any way from those 
Kuré, except that Kiss wishes substitute the name sympathetic 
for His reason for this change does not appear 
clear, for the preganglionic sympathetic fibres are, generally accepted, 
confined the thoracic and upper lumbar regions, whereas the efferent 
fibres posterior roots have been demonstrated Kuré exist 
throughout the length the spinal cord, i.e., also the cervical lower 
lumbar and sacral regions. 

reviewing the literature, seen that many investigators have 
been able establish the presence fine axons the proximal stumps 
severed posterior roots (Sherrington, Ranson, Kuré, Gagel and Tower). 
The question still remains undecided whether these axons can con- 
sidered true efferent fibres, persisting because their trophic centres 
are situated the spinal cord, whether, Ranson and Tower suggest, 
they are regenerating fibres growing back into the degenerated stump 
the posterior root. this aspect the problem that our attention 
has been particularly directed. 

efferent fibres with trophic centre the spinal cord exist the 
posterior root, then after section the root between its emergence from 
the cord and the spinal ganglion, intact fibres the proximal stump 
should demonstrable, after appropriate interval time for 
degeneration the afferent fibres. The time allotted for degeneration 
important. Sherrington, Ranson and Tower were all able demon- 
strate intact the central stumps but believed that they might 
possibly regenerated fibres. the ganglion does not 
completely remove all possible source regeneration, because the 
technical difficulty successfully performing posterior rhizotomy 
small animals without injuring some the superficial (posterior) fibres 
the neighbouring anterior root. circumvent the possibility 


regeneration occurring the posterior root from the minor but unavoid- 


able injury the anterior root, have studied the majority 
cases period prior the onset regeneration, and yet 
long allow for the degeneration the afferent fibres occur. 
Since extremely difficult arbitrarily state exact interval 
time after which regeneration may occur, have used intervals 
fifty-four days for myelinated, and twenty-four days for unmyelinated 
fibres (Ranson, periods before which considerable degree 


regeneration can expected. 
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Our material consisted series ten cats. seven these 
laminectomy was performed the lower thoracic and upper lumbar 
region. animal two roots were divided extradurally, usually 
the first and second lumbar, occasionally the last thoracic. few 
these cases only the posterior root was divided. The anterior root 
could then seen lying slightly deeper (anterior) plane the 
severed posterior root. always such case certain 
that the most superficially lying fibres the anterior root have not 
been implicated. all the other operations, order exclude any 
possible regeneration from the spinal ganglion, this was completely 
extirpated, the anterior and posterior roots being cut through completely 
immediately central the ganglion. The proximal stump the 
severed anterior root was now isolated and completely removed far 
its emergence from the dura. Only the proximal stump the 
posterior root was thus left projecting. Thus, because the short 
time before study the material, all possible sources regeneration 
were reduced minimum. The extradural approach necessary 
cases where desirous excise the spinal ganglion. gives 
sufficiently large proximal root stump enable systematic stady, and 
where anterior and posterior roots are severed there can 
question posterior root-fibres escaping section. 

The seven cats treated the above manner were allowed live for 
periods 15, 24, 29, 30, 36, and days respectively, and were 
then killed. The the operation was each case con- 
firmed dissection. was sometimes rendered the 
amount scar tissue formed, but careful examination the cut ends 
the nerves could always identified. The lumbar spinal cord with 
the attached proximal root stumps and with the corresponding 
roots the site side, was then removed, and stained 
and Weigert-Pal methods. upper divided root was often used for 
method and the lower for Weigert stain. The blocks 
were then cut transversely the longitudinal axis the spinal cord, 
and serial sections were made. 

the remaining three animals, intradural approach was used 
and only the posterior root-fibres were cut. The advantage this 


approach lies the fact that the anterior root-fibres not come into 


the field operation and cannot implicated any way. The spinal 
cord therefore particularly suited for the study cellular changes 
following purely posterior root section. the intradural 
operation there less scar formation and the vessels accompanying the 
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root-fibres can be seen and avoided. 


Besides, not all 
are accompanied by vessels. 


roots 


The vascular disturbance the spinal 
ord therefore almost negligible. 


these three cats lumbar roots were again selected and two roots 
each animal cut. They were allowed live for fourteen days only 
when they were killed the spinal cord was removed and fixed immedi- 
per cent. alcohol. Serial sections were made and stained 
the method. The distal stumps the roots, 


together with the spinal ganglion, were stained Marchi for possible 


evidence of degenerated myelin sheaths 
retrograde 


After short time (fourteen 
neration the fibres demonstrated 
reasonably excluded (Van 


Marchi can 


Gehuchten, 
roots were treated similarly method order 
establish the accuracy the operative technique. attempt was 
nade the Marchi method study the peripheral evidence 


degenerated posterior root-fibres was sought the corresponding 


innervated muscles. 


done demonstrate 


traverse the spinal ganglion uninterrupted not 


Spl 


whether these 


FINDINGS, 

the study the Weigert and preparations, certain 
important features became evident. the first place, the extradural 
yperation there practically always amount scar tissue which 
and renders very the recognition the posterior root 
the dura and its identification from 


the anterior root. 
intradural parts the roots are therefore 


The 
far the most favourably 
Secondly, the importance 
serial sections, for only these can the presence 
reliably determined silver-stained preparations 
source error other 


suited for study, and can easily identified. 


This may have been 
investigations. 


method.—In our series seven cats which the 
extradural approach was utilized, moderate number, and one case 
number, intact axis-cylinders were demonstrable the 
ntradural portion the 


posterior roots. and oblique 
sections which only short course the axis-cylinders could seen, 


vere not dependable the early cases, the presence degenerating 


ibres was possible source error, but moderate number normal, 
healthy and mature axis cylinders considerable length was found 
each case. These fibres presented varicosities, end-bulbs branchings, 
ind our opinion cannot considered regenerating degenerating. 
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our early cases, the region the scar enveloping both anterior 
and posterior roots, were unable demonstrate satisfactorily the 
presence whorls loops regenerating axis cylinders. 

number investigators have been puzzled the greater number 
intact axis-cylinders the posterior root extradurally and its 
point exit through the dura, than the intradural portion and its 
entrance into the cord. Normally, the posterior root-fibres for the seg- 
ment emerge from the cord slightly different levels small isolated 
bundles, and only converge constitute single compact nerve-root 
their exit through the dura. Studies the normal side reveal the same 
striking contrast the apparent number axis cylinders the various 
parts the posterior root. 

the entrance zone the posterior root the spinal cord 
number intact axis cylinders were observed. These could followed 
for aconsiderable length arching transverse plane through the white 
matter immediately dorsal the posterior horn. They could often 
seen three more bundles sinking into the base the grey matter 
the posterior horn, the most mesial bundle close proximity 
Clarke’s column. were unable trace these fibres deeper into the 
grey matter laterally the periphery. These fibres had 
association with the blood-vessels, observed Tower. They were 
healthy, normal and mature appearance. They were orderly arranged 
and way differed course, although their number less, from 
similar fibres seen normal preparations. Fibres pursuing 
aimless course, described Tower, from material studied after much 
longer intervals and permitting the possibility considerable regenera- 
tion occurring, Were not seen. However, impossible state defin- 
itely that these normal fibres which have observed intraspinally are 
the efferent fibres under discussion. They may, the one hand, 
fibres reaching the segment from other levels, or, the other hand, 
may secondary neurones. the fibres sinking into the grey matter 
the region Clarke’s column have their origin these cells, then 
they are not neurones the second order, for well established that 
the cells Clarke’s column not send axons this 

the point entry the posterior root into the cord, occasional 


fibres were seen. They could not followed very far the grey 


matter. 

The presence degenerating medullated 
sheaths rendered the Weigert studies less satisfactory. However, the 
Weigert sections clearly showed small number healthy medullated 
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amongst the debris degenerated myelin. These fibres could 
traced the posterior root occasionally for moderately long course. 
The majority these intact fibres were medium and small calibre. 
Numerical studies were rendered impossible because the obscuring 
globules degenerating myelin. also encountered similar 
culty and confined his study material from cases which had lived 
longer period. 

The Weigert studies were convincing, and coincided with the findings 
from the Bielschowsky preparation. 

method.—Evidence Marchi degeneration was found 
the posterior root distal its interruption, and the posterior root 
fibres traversing the spinal ganglia. addition Marchi degeneration 
was found the corresponding peripheral nerve, distal the spinal 
ganglion, and nerve bundles the muscles innervated the divided 
posterior roots. The posterior roots, spinal ganglia 
nerves were studied serially both longitudinally and 
longitudinal sections the black globules were the typical chain-like 
arrangement. The fibres studied transversely presented partial and com- 
plete ring formation Marchi granules the site the myelin sheaths. 

Careful studies were made the anterior roots corresponding the 
cut posterior roots. All these anterior roots were found normal. 

The Marchi studies were made fourteen days after operation, that 
yne cannot say with certainty that the maximum degree Marchi 


degeneration had been reached. therefore considered inadvisable 


carry out any numerical studies the present. 

Nissl’s method.—In the sections spinal cord stained the 
method evidence vascular damaye inflammatory disease could 
seen. slight meningeal proliferation and moderate glial response 
the posterior root entrance zone were observed the operated side 

serial sections levels corresponding the cut posterior roots, 
changes typical retrograde cell reaction were seen isolated cells 
the intermediate zone with the exception the lateral horn. 

However, evidence accompanying glial response was lacking. 
moderate number anterior horn cells showed similar 
These cellular changes were confined the operated side. im- 
portant note that the anterior root was way exposed subjected 
trauma the time operation, and histological examination with 
the Marchi method showed intact fibres. changes were observed 
the cells Clarke’s column. Unfortunately the levels one more 
segments above the operated roots were not studied. Similarly, 
obvious changes were seen the large cells the posterior horn. 
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relative diminution the number cells the intermediate 
zone the operated side compared with the intact side was observed 
certain sections, point upon which Kuré lays great stress. 
variants are within the range the normal, and because this fact 
only rigid histo-pathological criteria should applied the study 
this cell group. 


DISCUSSION. 


our material intact fibres have been demonstrated the proximal 
stump posterior roots after their interruption between the cord and 
spinal ganglion. and Tower also observed intact fibres this 
position but were the opinion that they were regenerated fibres. The 
time interval selected the present work was too short permit any 
considerable degree regeneration. Moreover, our sections revealed 
normal, healthy and mature fibres. They entered the cord the root 
entrance zone and could followed intraspinally for short distance 
However the fibres have observed dipping into the posterior horn are 
possibly axons reaching the segment question from other levels 
work required determine the exact intraspinal course 
the intact fibres demonstrated the central stumps the severed 
posterior roots. That they are efferent fibres possessing trophic 
centre within the spinal cord certain. Marchi studies the distal 
stumps fully support this contention. days after severance 
the posterior moderate amount Marchi degeneration was 
demonstrable the distal ends. believe that the changes observed 
represent Wallerian degeneration. The objection often raised that 
Marchi degeneration confuses the issue, believe not 
applicable these studies. Van Gehuchten (1905), after extensive 
work with Marchi degeneration, concluded that retrograde degeneration 
makes its first appearance twenty days after the lesion 
the present work the roots were cut with sharp scissors with 
avoidance any undue traction trauma. 

interesting observation was the finding Marchi degeneration 
peripheral the spinal ganglion, extending into the small bundles 
nerve-fibres the correspondingly innervated muscles. Joseph, his 
studies cats, observed the same. ‘This evidence that the cat 
least some the fibres question traverse the spinal ganglion without 
interruption. 

The exact localization the trophic centre the efferent fibres 


posterior roots presents greater difficulties. would appear from the 
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previous works Warrington, Lapinsky, Timasheff, and Gagel, and 
from the present investigation that, following posterior root section, 
typical so-called retrograde cell reactions are found the same side 
in: The intermediate zone the level section; the anterior 
horn cells the level section; (c) the cells Clarke’s column 
level one more segments above the site section. 

Chanves the cells Clarke’s column occur both sides the 
spinal cord. 

Since such changes occur isolated cells and never groups and 
the cord histologically presents evidence vascular damage, the 
suggestion that the changes observed are due traumatic 
change can reasonably excluded. possibility the 
anterior root being implicated the time operation has been clearly 
avoided the present work. 

observed the changes the intermediate zone, but made 
mention the cell changes the anterior horn and the cells 
column. appears from our observations, and those 
others, impossible accept conclusions that the efferent fibres 
posterior roots arise from the cells the intermediate zone. The 
localization the centre for such fibres cannot established 
from the evidence available the present. 

An explanation for some of the cell change S observed IS offered by 
Gagel, that of = trans-neuronal ”’ retrograde change. It is a well- 
established fact that some the afferent posterior root-fibres end 
around the cells the anterior horn the same level, and around the 
cells Clarke’s column the next higher segments. This appears 
lend considerable support the view trans-neuronal (inactivity) 
retrograde cell change. Histologically believe that difficult 
distinguish between acute retrograde and transneuronal cellular changes 
our material. for this reason that prefer leave the exact 
origin the posterior undecided, while way 


detracting from the accumulated evidence support their existence. 


(1) the cat, posterior roots from thoracic lumbar have 


been sectioned between the cord and spinal ganglion 
(2) Intact fibres have been demonstrated the and 


Weigert methods the central ends the severed posterior roots. 
These fibres were seen entering the cord and studied intraspinally. 


SUMMARY. 
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They were normal, mature fibres, and could considered neither 
regenerated nor degenerating. 

(3) Wallerian degeneration was observed the distal ends the 
cut posterior root. This degeneration could also seen the nerve 
peripheral the spinal ganglion. 

(4) The observations made are all support the existence 
efferent fibres the posterior roots examined. 

(5) Nissl studies the spinal cord revealed changes the intermedio- 
mesial group cells and the anterior horn cells. The localization 
the trophic centre for such efferent fibres rendered impossible the 
presence cellular apparently occurring transneuronally. 
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THE METABOLIC COST SUSTAINED POSTURES 
NORMAL AND CATATONIC SUBJECTS. 


(Fri the Institute of ni 4 


THE metabolic cost muscular tonus and sustained muscular 
tractions still very unsettled problem. While there seems doubt 
that certain invertebrates can maintain powerful tonic contractions 
their muscles with little, any, rise metabolism, the results 
mammalian muscle are much more 

Information has been sought the metabolism decerebrat 


rigidity. tonic contraction decerebrate rigid muscles was 


Bayliss associated with some heat production, but wit 
very much less heat than that corresponding degree tetanu 
Roaf’s investigations decerebrate cats, the CO. product 

remained unaltered and the consumption showed negligible 
tion when the rigidity was abolished curare nerve-section. 
experiments Barenne and the other hand 
showed consistently higher consumption during the rigidity 


authors further remarked that the increased respiratory exchange 
much less during decerebrate rigidity than during phasic movements 

comparison the cost postural and phasic contractions 


produced the leg muscles cats special modes stimulation, 


made She found that postural contract 
increased the resting metabolism per cent., though 
experiments there was little change contractions, 


ind the author states that regular phasic movements can 
out with comparatively low metabolic cost, sometimes 
movement) from the cost postural contraction 
The general consensus evidence from all these experiments 
appear that tonic contractions, while causing some 
metabolism, are more economical than active movements the 
muscles. 


Sustained contractions produced the injection tetanus 
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been investigated Grafe and Schiirer they found 
ncrease the energy exchange when local tetanus was induced 
pigs” muscles. 

the domain human muscle, information has been sought 
the state increased tone existing naturally some psychotics, and 
the postural contractions frequently producible them also 

nditions produced individuals hypnotic suggestion 

Grafe determinations the basal metabolism mental 

seases, noted that subjects with various types stupor 
metabolism, and, since this lowered energy exchange 


ight present spite greatly increased muscular tone, con- 


luded that tone had little effect the energy output. 
recent article, Grafe admits, however, that when tonic contraction 
increase has been demonstrated Schill for arm and leg 
static work these catatonic postures produces the same cha 
metabolism, heart-rate, ventilation, and blood-pressure 
ndividuals. 
bnormally stiff sitting posture, and found difference between 
and that normal subjects sitting When the 
voluntarily assumed tense sitting posture, the metabolism 
rose. same author compared the 
itatonic patient, who could retain horizontal position with only hea 
feet supported for ten minutes, with that normal indivi 
ndeavouring imitate the The normal subject 
nable hold the posture for longer than one minute, but the 
was followed during fifteen-minute recovery period 
\lthough the total excess metabolism. including the 
same both subjects, the consumption per minute the 
the actual posture was four times 


the catatonic 
comparison unsatisfactory 


with the normal subject, 


that would have shown much 


could have maintained the posture 
along with her failure find any increase 
inder certain conditions increased 


ormed without increased consumption 


Vhile the short 
I exper- 
etabolism 
uscular tone 
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Increased tone produced hypnotic suggestion violent muscula 
exercise has been investigated Grafe decisive 
increase metabolism above the resting value was obtained. 
subject had maintain the loaded unloaded arm 
position, quite marked increase metabolism was found whether 
subject was the hypnotic condition not 

Finally, mention may made Klemperer and Weissmann 

report few metabolism determinations patient subject 


prolonged cataleptic attacks. basal metabolic rate between seizure 


during attack the metabolism the recumbent position was 
per cent. with pulse-rate 60; while, with the patient 


recumbent, the placing the limbs almost vertical position 
rise over 200 per cent., the heart-rate increasing 120. 

The present paper these investigations human subjects, 
one the energy exchange under basal conditions, and (2) during 
posture, three patients who could maintain their limbs 
any posture which they were set, for periods long twent 
minutes. these individuals were asylum patients, and the third 
was treatment for hysteria general comparison 
similar estimations were carried out five normal subjects, who 
tained voluntarily, far possible, identical posture 


The following are the clinical details the three pathological cases 


aged 53. Occupation, 


admission the Glasgow Western Infirmary the patient told the 


grocer. had failed business twenty five vears ago and two and hal 
ago. both failures suffered from curious seizures during 
lost consciousness for varying periods time attack was ushered 


headache, but the immediate precursor attack was peculiar sensa 
tion the head; this latter symptom was not always present, that 
frequently unaware when was about have attack \pparently 
commencement attack there generalized trembling the whole body 
I< llowing this he lies as if he were asleep and he cannot be roused. After hi 
first business failure the attacks came frequent intervals during period 
six months. Since his second failure has seizures differing 
type nor There nothing note the history his 
health except that he is subject to asthma in bad weather. 


he shows evidence of having had a good edue wbion. Apa t trom manitestations 
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depression eannot said have 


elusional nor hallucinated He is well nourished : examination f the heart 
abdomen, and urine reveals gross nic disease 


There is no loss of muscle power, the superficial and deep retlexes are 


There complete the left side. manifests 
lexibilitas cerea and able maintain bizarre postures without showing 


langsthesia was cured 


tted into Hawkhead Mental H pI | 


1931 with history mental disturbance lasting only few week 
first has been case The fully developed 
psychosis was preceded feeling despai This condition lapsed into 
stupor with catatonia, which state has remained. worthy note 
it the patient had suffered for some vears from septic disease ol the nas | 
nuses, and although operative treatment had been resorted 
occasion, the condition remained unalleviated. attempt was made 
fect the intractable stupor thyroid extract, but 


ved 


en he was obse) 


1 Indie ve Was In 


has 


ipable fair mental concentration, 


schizophrenic, showing little interest his surroundings and answering questions 
within ten became negativistic and catatonic 

tate that which 


11 4] 
ICALLY I! ne Same 
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made the 
observed. 


metabolism estimations were 


procedure, all the customary precautions being 


sample had been collected under strictly basal conditions, the patient, 
left arm and 


still lving the bed, was placed the following posture 


fore-arm line and projecting vertically upward from the shoulder, the 
wrist being flexed and the hand lying approximately horizontally left 
thigh flexed right angle with abdominal wall, leg bent knee 
right angle with thigh, and foot forming angle with the leg 
iin this posture for long coul 


forma 
The patie was allowed ren 


suggestion 1. 
without result. The condition the patient was 
completely shut off from his environment 
aged 35.—From his admission Hawkhead Mental Hospital 1927 
> i 
the patient has shown evidences progressive dementia first was 
eveloped ten months after his previous history 
eemsto indicate that was the schizoid type childhood 
brought him into 


permitted without risking the curtailment the second air collecti 


sample was collected 
determination, observations were 


ind diastolic pressures, 


Was not 


Table the 


te. Table 
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could only few minutes duration, the second 


elevated 


The procedure with the normal subjects was 


posture 


addition the data required for the 
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ISS 


third table vives the percentage rise fall each factor between 


and postural conditions for each subject, from the averages 
gives percentage differences 


shown Tables and 
to save space, the 


the same way for the circulatory data 


vere particular interest, are 


original data, which themselves 


omitted 


Dis 


make little commen 
the three patients 
mental condition the subjects 


stupor, Was 


wa 
RA 
4 it R J 
\ ‘ ) M 
l 
ost Ba 
4 
1 Pa ] 
} 
absolute values the basal meta 
whom there was marked 
aecidedl Subnormal; - Was depressed in 
4 


ethargic but not stuporous, was less so; while I., who mumbled 
ntinuously and incoherently, was decidedly hypernormal. 
ncreased metabolic rate was doubt largely expression 
continuous state excitement but partly also due muscular 
involved his continuous mumbling 

more interest are abolic changes during the main 
the posture. There doubt that, the pathological cases, 
entilation, oxygen consumption and decided 
se; the negligible change 


these changes with those obtained the normal subjects, 
the latter the hk (J. Is again unatte ected, but the percentage alterations 
her three data ‘tly hig higher percentage 
weighting 
his results wer 
the rises normal and pathological subjects would much 
might equally argued that the average 
abnormals, have been lower the influence 
the pathological cases, were removed 
two patients. was 
remission during which was 
ndividual experimentally also, the postural disturbance 
both metabolism and cardiovascular system resembled 
controls. the same time, possessed the faculty main- 
postures apparently involuntarily and without strain for periods 
ger than was possible with any normal view 
our ignorance the sustained 
the mechanism identica 


consider 


the ab 


are excluded, and 


nics and the normal 


cause 


much less disturbed the patients than the healthy subjects 


again the results are excluded 


single group. Adhering simple division into 
bnormal and normal subjects, the posture maintained cost 
results comparison made only between the two 
the economy cost the posture the 
cases still more pronounced, even when 
esults of G. M. W re nevlected. 
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series, the circulatory disturbance the remaining two subjects very 
small indeed. increased heart work which evidently accompanies 
the posture the normals must contribute some measure 
higher metabolic cost, but its entire for the 
between catatonic and normal seems rather doubtful. 

The further question arises whether the absence 
disturbance the two catatonics can taken indicate 
mechanism between their postures and those the 
assumption, however, cannot made too hastily, since can 
certain that, during the maintenance particular posture, 
the same amount muscle involved the schizophrenic 
normal person. 

the psychiatric point view clear that 
there great dissociation between the afferent and efferent sides the 
psyche. normal subject the maintenance fixed posture gives 
toa bombardment the sensorium stimuli from the tonically 
musculature: this attended feeling discomfort which, turn 
finds expression through efferent neurones cause rigidity 
other than those concerned primarily with the maintenance 
posture. confirmatory this phenomenon, recollect the 
subjective experience discomfort which felt first the muscles 


directly involved, and then the muscles which became rigid 


result this primary discomfort. are doubtful this phen 


menon occurs any degree the catatonic thes 
people not react painful stimuli, they cannot expected react 
stimuli coming from muscle maintaining specific posture The 
result such psychic would naturally that more 
involved the maintenance posture the normai individual 
the schizophrenic. the findings indicate, the more schizophren 


the individual is, the more economically doe maintain catalept 
p sture 

Three points are interest there are many 
ences the literature the close correlation between pulse-rate 
metabolism, not only health but various pathological states 
both are disturbed, e.g., hyperthyroidism, ete 
obtained from the two catatonics, have the exceptiona 
rise pulse-rate only half beat per minute 

Secondly, the circulatory data the normal subjects the rise 


diastolic pressure during posture striking feature, being greater 
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similar behaviour has been commented 


the 


rise 


and 
This behaviour simply 


luntary static work. 


the sustained muscular contraction 


enous stasis 
epting this explanation, the absence equal stasis 


very puzzling 
postural 


Thirdly, the possible practice diminishing the 
our subjects C.) practised 


about fifteen minutes daily through- 
showed that 


etabolism was considered, and 
the posture tor 
end of the week 


the 
disturbances had 


daeterminati 


circulators 


were out, (1) 


which they were set. 
normal subjects 


Was observe d 


posture 


was about 


ynside rably 


John C;racie, ol 
patients 


* 
ither metabolic (see 
nished 
VARY 
sal conditions, and (2) during posture, three patients 
involuntarily maintain any The 
sults were compared with those the 
imme posture 
definite increase metabolism during the 
both normal ind } tnological Cases 
average, the metabolic cost the 
iter the normals than the psychotics 
circulatory disturbance due the posture was 
ter the normals 
Hawkhead Mental Hospital, and Dr. 
Western Infirmary, for allowing free 
interest the investigation 
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the body pain, the occasion 


segments the 


referred pain, proceeded detine the 


the cutaneous areas the 
napped out other studies observe 
occupy the whole the cutaneous 
was concentrated smail part 
observed that man 
uterus, XC reterre 
ate Such observations 
neither the cervical 


seat referred pains from viscera 


restricted 


inflow 
the referred pain 
several investigators 


viscera ever their sensations, whil 


are sensitive a 


not refer their pain 
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TESTIS AND REFERRED PAIN 
| ARNOLD CARMICHAEI 
subject referred pain has been 
‘ent times that there need present 
t it 
The investigations Head resulted 
vas some pathological change viscus, 
reference with those 
body which had already 
that the reterred pain did 
rea the segment but 
hich was ealled the maxi 
viscera, such the heart, 
pains which occupied 
tovether with the conclusi 
led the hypothesis that the 
ume region the spinal cord 
therefore the anatomical basis upon 
basis has been challenged 
Some have denied that the 
thers assert that even they 
vaguely localize the the the bod 
\\ tak f t Med ( 
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Carrying the argument further, asserted that the ability refer 
sensations function somatic nerves only, and that these refer 
sensations dependent their deeper branches innervating 
surface areas the body. Others have accepted the possibility 
reference nerves under special conditions, 
most important which has been the presence 
stimulus. 

stimulating the central end the divided phrenic nerve 
these investigations was observe the position any pain 
might experience when the central end the cut phrenic nerve was 
pinched, and secondly observe any 
the area which was felt had been rendered 


injection novocain. found that pain was invariably aroused 


stimulation the central end the phrenic nerve, and was felt 
the patient though concentrated area just below and inter? 
the joint the The position was 


constant each patient and varied but slightly between one 
and another this area with novocain made difteren 


the intensity the position the pain. concluded from 


investigations that the idea referred valid one, 
depended events taking place the central nervous system and 
was not annulled the skin area which 
had been claimed further, that the diaphragm behaved 
that the sensations aroused from were referred distant 

These experiments were criticized ind 
Davis two grounds. the first place, objected that 
peripheral area was not extensive enough and that 
pain was therefore not abolished. This objection groundless sinc 
induced areas cutaneous four more inches 
and not only the superticial but also the deeper 
The pain was referred right into the area which was anwsthet 

meet the second objection, that the diaphragm could not proper! 
following observations the testis were made 

had occurred that the testis might regarded 
viscus and one suitable upon which observations regard 
pain might made. accessible investigation; its 
from within the abdomen its scrotal position occasions wide 
ences the segments from which and its coverings might draw 
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erve supply, and has course the same relation peritoneum 
viscus lying within the abdomen. was hoped that the different 
ositions the various nerves which reach might permit them 
being blocked local and thus enable study what 
happens under such conditions when the testis was stimulated. 
Theoretically any rate could postulated that sensory nerves 
might reach the testis from several sources. These might 
afferent nerves accompanying the internal artery 
ong with the fibres; (2) sensory nerves coming 
from the hypogastric plexus along the vas: (3) from the 
nerve (4) from the genital branch the genito-femoral and 
way the posterior scrotal nerves 
Cushing had already reported that operations upon inguinal 
ernia division blocking the genital branch the genito-femoral 
endered hernial sac, the structures the cord and the testis 
nsensitive handling, cutting and this respect the 
estis behaves like the gut 
was decided that one would act the subject and the 
ther observer and the made block these nerves 
injection and observe the results stimulation the testis 
\fter some preliminary experimentation the method adopted 
the testis was follows: the testis was drawn forwards 
the scrotal sac and supported fingers placed below it. scale pan 
vas rested the testis and weights placed this compressed the testis 
ind epididymis between the supporting fingers and the 


Known weights were placed the pan and left there till the subject 


lescribed what sensations experienced and where felt them. The 
njections were made with per cent. novocain and 


and were made for the most part Mr. Norrish, 


The following results were obtained after injection the 
tal nerves, the injection being carried out infiltrating along 
sterior attached margin the scrotum far the middle line. 


\niesthesia was obtained over one half the scrotum The 


not extend the thigh nor over the pubes, but included 
triangular area the bod the penis its ventral surface, the 
ise below and the apex half-way the shaft 
n 
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observations 


absence the scrotal nerves, 


tal tissues, compression the 
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is, but pain referred the 


the first lumbar segment 
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t de pend on the ese 


fibre sol ction ol the anit st] 
This suppositi the referred pain the tenth 
lorsal segment and the pain described though were situated the 


the testis depended the 


sympathe tic tibres reaching the testis 


presence of atterent fibres 


TESTIS AND REFERRED PAIN 
IcI 
per pi the 
\che r Li sam © as pre 7: 
t aa Xp ia t 
this last experiment two kinds responses wer 
icited reference dull aching character was obtained the 
bdomen, the maximal 
regions the tenth the 
that he te It il d ill ache 
It is to be remarked th 
and back, and the 
iching the upper pole the testicle 

The nature the experiments 
what extent the local injection rves 
had every reason believe that the 
nerves completely blocked The fact that few the 
ipper fibres the muscle sponded retlexly indicated that 
least some fibres ol the venito-lemora nerve had escaped being blo sed 
by the nov iin Vhe earl r expr ments showed that the presence I 
the genito-femoral and the absence the posterior scrotal produced 
haracteristic response with constant reference the first 
segment stimulus threshold about 500 

Since these features not occur the present and 
ince there was abolition contraction the cremaster except 
for few its higher muscular are that 
the responses obtained from the subject ipe 
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tibres would then, when stimulated, the basis upon whicl 
pain would the same time localized the organ from which the 
area of the cord with which these fibres are connected 

We felt we could not further resolve this problem by the 
had chosen and that must turn suitable clinical cases 
thoucht we could now do more profitably since we had deterinined th 


kind stimulus which would the different thresholds 


stimulation which would excite the various groups 


obtained evidence the functional contribution 
deep and visceral sensory nerves gave 
When comparison the various thresholds 
found that the intact testis pain may aroused with 
200 300 but the posterior scrotals are 
threshold raised the region 500 ilio-inguinal 
nerves are stimulus necessary 
The location the referred pains these experiments 
the work Head the experiment with the posterior scrotals 
alone blocked, pain referred the region the external abdominal 


rin 


Which the territory recognized the maximal point 
the tirst lumbar segment: the genito-femoral nerve, derived 
the first and second lumbar segments, functioning, the pathwa 
this reference apparent. Again the reference the 
anteriorly and the lumbar region posteriorly, following 
ot all the nerves « xcept those tibres travelling alone 
depends the evolution the testis the 
With its consequent segmental nerve supply 

was hoped that these experiments could made more illuminating 
applying the results clinical cases, and has been our good fortune 
examine two cases crush fracture the spinal column 


substantiates our experimental work. 


7... ad a Cl ish 


( mplete mot palsy ol both legs, 


and deep pain, 


elperature, 
ver level of the tenth segment on both sides of 
icular sensation was tested as had been done 
ts. The scrotum was completely and 
time during the experiment 
of the testicle o: groin When these tests were 


t felt a sensation which he referred 
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superior 


the 
have pain the 


points corres) nile wit 


segment 


the 


) 
Lf 


this the fact that the threshold 


first Jumbar segment. favour 


the stimulus 


definite pain was the 


500 


between the umbilieus and the anterio: > sie 
when digital pressure was increased, he thik 
} . Very fal nin t t t 
ry deft n the mid 
caudally there was connection between the peripheral 
pathways for sensation and the 1).10 was how 
T+ +} + +) h sur h 
ver see nus uble to assume that the impuls Wi! i 
} } + ] ] + ] 
} Lpypore ited and rele gag had »entlel the level of the tenth dorsal 
+} +} ] } ta] 
eoment above this would erefore exclude the posterior scrotals, 
tne tllo-inguin ind the ven remorai as | ng the pa nwa and leave 
pen only pathwa the spermatic entering 
rd at the tenth « secinent 
Ing evidence t phe pathway } hee) it 
this second case, though the patient stated that the pain 
right side was the testicle, pointed region the groin: 
i 
feel legitimate assume that the pain was 
} 
localized 
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similar figure that obtained our early experiments 


posterior scrotals When the stimulus was increased 


the region 1,000 grm. the pain was not only appreciated the first 


lumbar segment, but also the tenth dorsal segment: this result 


the left side vas appreciated 
ncluded the tenth dorsal 
our other observati 
higher 
These observations, therefore, 


the eXperiments 


experiments 
out determine the pathway 
These experim have been 
the absence the posterior scrot 
but the maximal points 
seomental areas. 
With the genito-femoral nerve intact, 11s referred from 
testis the maximal points the first lumbar segment 


(4) The posterior scrotal and nerves being 
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appreciated the tenth dorsal 

segment and the side stimulated 
hold for the arousing pain these situations differs 
the reference pain the testicle, 


and orm. the tenth dorsal 


s when the only 
the fibres surrounding the 


independent somatic nerve 
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SYRINGOMYELIC COMPLICATIONS SPINA BIFIDA 


and spinal 
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Intere 
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FRANK A. TURNBULI 
its various clinical phases are necessarily 
widely eparated extremes that severe spinal 
exposure the centra! can and that spina bifida occulta with only 
slight deficiency, n the vertebral lamin, les a variegated 
cases. large intermediate usually classified pathologica 
basis, according the degree closure the spinal 
The majority recent contributions the subject 
dealt chit W ber hique, and have na { Is 
has been made the clinical groups into which certain the mor 
ODSCLUYE cuses | 
One displays nic bul SI} it n ‘ 
n sucn gro Gispta l pict Ve i { ns l 
: iterature reveals few reports and ve heagre patn i] 
following case presented lustrate ‘linie thes 
lesions, and to araw attent nt ‘ertain alihcuities n 
m Nove 193 ‘ : 
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removi He believe pedicle col sted 
lle | Avs } { \ 
nterm re au } nis: Wel’ = ~ 
pel OvVverwork | palhls set ead to \ Vt ( iscies~ 
left thigh, and less extent his left calf, and were associated wit 


SYRINGOMYELIC COMPLICATIONS SPINA 
mnths In 1930 he also first became aware of some ditticulty in appreciatin : 
temperature water with the left leg wher bat 
1) ne tive summer of 1981 he noticel that his Sait vas occasionally 
ss I In t autum that vea s still able 1 ) 
1931, noticed involunt mping movements his right 
e nents rebvurt tal before ss ! 
| ] \ M2, he started t ve attacks ol requeney st 
I LW I i ecurl wi t ey tw WeeKs T if le 
! Line ea | i ie onths he ence 
ling Iso i t t hus 
( ? ] nt tal I H 
Sul nto ~ ti es 1 
the t re is mus () few fil ented bot 
is niras} tl na eZ1Us Che muscles of bot pre 
MUSE t hands were silghtly istead 1 lerately \ 
| scles Lhe eit t] t es} n 
scles t } C Che tings to-nose test Was pertormed vel pan a 
scies Was tea 
i He could not sit up in bed thout ssistunce nd was only able 


AND CLINICAL 
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Pac a I vet out of bed bv rolling and twisting to the euge There was very lit 
ae ae expansion ol the chest on atten pting to take a deep breath, and there Was 

es 4 X-ray screening Che erector spinw muscles of his lower back were moderate 

Wasting Both low: nbs showed a sight increase of tone. The extens 
both thighs and the the left foot were slightly weak, but 
fo es other musele-g ips of the legs showed fairly good powe Co-ordination 

the test was both sides 

{ 

») 

l 

The biceps, triceps and supinator jerks were 

aa n the left arm, and in addition thei Was a § t but defhinit fit I 

ie. hese reflexes ere all presen n the ng urn ind a eX } triceps-jerks 

caused extension the great toes both sides 
sat see fig. | I ere ymplete ss the s Sat solu 

. } 

pain, heat and cold around and over the upp surfaces 
shoulder-girdle. This loss sensation extended over the angle 
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altel e oper: We rery stormy, 
respiratory distress. expired November 


anpe 


ra 


of the cerv 


rVICc 


ents above and below 


ickened Th dorsalwart 
otf about 


ted 


e surro 


completely 


characterized chietiyv b 

f + ] 

mn Ol Splhal cora ¢ 

Nothing abnormal was noted except over the dors 

cu the surtace of the he dorsal ts we 

lici pical } Nothing abnormal was found } 

he level of the seventh cranial nerve nucleus, n ne io 

re medulla \ he level of the caudal extren y oO ne nie live e vel 

spino-cerebellar tract showed son demvelina rwise eos 

Vits Nol i 

4 

‘ 

ri \led ngata Section t t pper ¢ j 1 

Vote he cde ited areas a d ti f tiss t 

\ he level ol ne upper end o py | SS Wwe 

either side, ventral the dorsal column nuclei, sho jue 

senso \ ind involved the s e ol { ‘sal ! if ol OW 

ag Cie \t the level of the lower end o the pyramidal aecussa n nere Was s 

nbrous tissue thickening i the walls ol cap llaries in the columns 
Eb ties Oblique bands of fibrous tissue were seen in the same rela Ve position as t 


over the 


over the dorsi 


tissue 


ilmost 


| 
Sine evel The area o demyelination was slughtiy more extensive at 
ny lved m st ot the ¢ lum s of Goll. 
\t the level of the first cervical segment the pla-al ichnoid was moderatel\ 
“Kenea re iS a narrow margin area ol ce velinated parenchy! 
ssue ) 1 the dorsal two-thirds of the circumference of the cord Blood 
ssels the dorsal columns showed very marked fibrous thickening 
‘ ; } ‘ 
Wills he nterior horn cells were slightiyv dehicient on one side 
the level the upy half the second cervical segment the thickeni 
the noid was increased, particularly dorsal surface. 
this segment (fig. dorsal mid-line fissure appeared, whi 
tended down to, but did not enter, the ependymal The latter 
lareead nd t ul rin outline Thickeni ig ol the membranes of the « : 
\ \ Kea Dense bar is hbrous tissue extended doy n tl 
lg Kv / 
4 
PAN 
\ 
| l nd r " t Note the enlar l ntral nal, t 
! ne} t nd t land f neural t i 1 the ma 
+; ] ; ] ‘ 
| t na nad Oval eas Issue WHICH appre ea la Lik 
spinal ere unmyelinated, and with 
lensely packed neur lial tibres lixtending (TZ the whole lensth of one 
lorsal horn was band tibrous tissue whieh enclosed two irregula 
wrow fissures Lhe nterik or! ce s on the oppos te side ere alme at 
ec1on Hot! itera Oris 
4 ] ] +} 
il seeti is Welt nade Dlock Consisting ol e third and tourt 
ervieal the upper sections the cervical segment the 
rsal fissure was closed, but the central canal was. sti widened Th: 
thickening chnow Was very irked around the whole cord, and tl 
lorsal mass tibrous tissue the neural 
marginal band was still present, and this level 
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stands of neural tissue 
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invagination fibrous tissue the point entry one 
root. extended about two-thirds the way across the cord. 
ion there was also small fissure one anterior horn, lined 
nerated glial tissue the lower end this segment the central canal 
rmal. There were short irregular fibrous septa the posterior horns 
post columns The chnoid was moderately thickened 
the level of t SIXtl und sevent cervical se gments a tl ick band | 
tissue extended into posterior horn. There was very narrow 
demyelination over the dorsal two-thirds the cord, and 
lemyelination of the later l pyra ial tracts \t the level of the eighth 
there was very small fissure lined with fibrous tissue one 
\t the level of the first « sal segment this fissure had 
much longer narrow, and there was obliteration 
tissu yb-entry I The central canal was wide and shalloy 
level the sal segment the fissure the posterior horn had 
very The bel this level was normal 
COMMEN 
patient was completely incapacitated advancing lesion 


forms sensation over the neck 


indicated 
the 


uy r 


lesion 
the 


part shoulder-girdle extensive 


region the cord. was evidence damage 

‘ts well, particularly the right side, and the 
horn cells anterior roots from the second the fifth cervical 
nts. The degree distal loss sensation, and the absence 
vere pains the the cervical nerves, was thought 


Was presumably diffuse lesion 


xtending over several segments the cord, affecting the anterior and 
posterior horns, the posterior columns extent, and the 
idal and antero-lateral tracts on one side severely and on the othe 
side moderately. The age, and the history slow onset with 
rly appearance loss thermal sensation, lent weight 
that large svringomyelic cavity the cord was the cause 
all his disability. incipient respiratory failure showed 
that rly demise was certal! inless s me relief c yuld be ifforded 
Whether there was any reasonable hope for benefit from surgery was 
lebatable point 
The appearance the operati verified the history meningo- 
velocele, but provided clue the nature the intramedullary 
sion serial sections the cord was necessary 
latter condition could appreciated 
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Partial failure closure the embryonic medullary groove initiate 
the disease, and was indirectly responsible for all the subsequent 
pathological changes. The most important these developments was 
the process which resulted the formation multiple 
cavities. addition there appears have been progressive 
ance the blood supply part the cervical cord. third 
the importance which was difticult estimate, was the 
small amount neoplastic tissue the site greatest disturban 
the cord. 

The fibrous-tissue septum which stretched between the tips 
posterior horns the fourth cervical segment separated the dors 
columns from the functionless neural tissue dorsal the 
tissue was composed densely packed neuroglial fibres and was dev 
myelin and axis-cylinders. probably represented remnants 
primitive dorsal roof plate which had failed to m orate in the 
tube during the formation the dorsal roots 
extended into the fibrous tissue which constituted 
meningeal protrusion. 

analogous condition 
Barker this case there was cystic protrusion 


between the spines the first and third dorsal The arachn 


and stalk neural tissue merged into the translucent 
cyst. The neural element appeared arise from the 
tapered oft 


was widest near the cord, and gra 
the inner wall the meningeal protrusion. The arra 

posterior roots was not altered. presumed that 

stalk contained potential canal communicating with 

the spinal cord. 

apparent neurological disturbance had resulted case 
the short oblique bands fibrous tissue the caudal end the medulla 
Their microscopical appearance suggested that syringomyelic cavities 
would soon have appeared that region. Similar dense bands fibrous 
tissue the posterior horns the upper cervical 
for the complete over the neck and shoulder-girdle. 
fissures which were noted several sections these posterior horns 
would have caused few, any, additional signs. Most these fissures 
were mere shallow slits which involved very short sections 

The dilated central canal the lower end 
segment involved less than one segment. 

The development the terminal illness was hastened 
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disturbance the blood-supply the cervical cord. The dorsal root 
element which was incompletely split away from the cord during 
development was nourished part the arterial supply destined for 
the posterior and lateral surfaces the cord. root 
Which provide for this area, not anastomose any great 
extent with each other, and the postero-lateral plexus which they form 
relatively independent the anterior arterial plexus. Portions the 
cervical spinal cord, particularly the dorso-lateral areas, probably 
received only bare substinence blood with alternative 
supply the time birth. Following severance the stalk the 
meningocele the age one vear there resulted dense scar 
the posterior tissues the neck with the protruding sac dura and 
Under these conditions any movement the neck 
have caused action with temporary 
progressive kyphosis the and upper dorsal spine 

was significant that increase his kyphosis coincided with the 

the major sympt 

The 

fourth cervical segments was neoplastic ‘his area infiltration 
was limited the parenchyma the cord, and was extremely vascular. 
resembled most closely the type tumour classified Roussy 
Oberling The anterior horn cells had entirely 
disappeared this levels the cord where there was 
neoplastic anterior horn cells were greatly diminished 
number, iny clinical the tumour was open 
nedullary which may form cases 
ing 


every re ect, accord 


Henneberg 


type which behaves like inflammatory process, may arise from 
disintegration. Henneberg made very 
there was foand incomplete closure the 
tenth dorsal the and characteristic syringomyelic 
cavities in the middle and wer dorsal segments of the cord. Hi re, as 
a few of the cavities were lined hy deg nerated glial cells 

but the majority fibrous tissue 


ind have described the only 
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literature which post-mortem findings were available. The history 
corresponded very closely that our case. patient was man 
aged There had been some atrophy and weakness one arm and 
the ipsilateral leg which dated from birth. Very slight deformity 
the affected hand had become apparent the age 35. the 
muscular weakness began advance rapidly and 
other arm. Within year became unable walk. Examination 
revealed bilateral atrophy the tongue, atrophy the muscles 
arm, signs pyramidal tract affection, and dissociated 
the hand and the ipsilateral leg and foot. There was 
depression the mid-line the spine the lower sacral region (spin 
bifida). Post-mortem examination disclosed irregular 
cavity extending over the greater part the cord, which communicated 
vith the ependymal canal and also with gutter-shaped depressions 
the dorsum the cord. 

which additional diagnosis intramedullary fissure the spinal 
cord has been made, have been reported, but none these has 
post-mortem verification. only one this group was the fully 


other cases 


developed syndrome syringomyelia present. 
was clinical evidence isolated intramedullary lesion, and this 
surmised syringomyelic fissure because the associated 
bifida 


The symptomatology these cases syring 


spina bifida has been 


myelic, ependymal and arachnoid syndrome. 
syndrome such rarity doubtful value, 
their pathology when intramedullary lesions 


the presence spinal malformation 


A Ciuise O 
early adult life 
Operation dise 
the spinal cord 
Post-mortem 
small cavities 
arachnoid and the walls 


functionless neural tissue 
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it may serve to recall 
the cord are suspected 
fida reported, which there developed 
Stine a syringomvell esion the ¢ ra 
from the dorsum the cord int 
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the lining the meningeal protrusion; primitive ependymal 


tumour, which was doubtful clinical 


The author wishes express his thanks Dr. Gordon Holmes 
permission publish this case, and Dr. Greenfield for his 


issistance the preparation post-m material 
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IPSILATERAL REPRESENTATION MOTOR AND 
PREMOTOR 


studying the electrical excitability the motor and premoto 


areas monkeys well-marked responses the ipsilateral extren 


ties were repeatedly observed stimulating near the superior 


central sulcus, and 
indicated that the excitable region lies for the 


motor area the cortex. careful analysis 


ment which evokes, and the course the nervous pathways involved 
The present paper contains full description the results obtained 

Similar ipsilateral movements have been observed incidentally 
other workers, but thorough analysis the phenomenon has not 
previously been undertaken. review relevant 
therefore deferred until the discussion. 


From the Laboratory Physiology, Yale 


leave absence from the University Clini 
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EXPERIMENTS 


Detailed observations have been made twenty-seven animals, all 
primates, and unmistakable ipsilateral movements response faradic 
stimulation the cortex were seen twenty-one specimens. The 

Java monkey (Macaca irus), baboons (Papio 
gibbon lar), and chimpanzees (Pan satyrus). four 
these animals ipsilateral response could demonstrated and two 


was The failure obtain the ipsilateral response 


the gibbon, one chimpanzee and two the monkeys, was 
the depth ether the use the barbiturates 
is anwsthetics (see below) 


sponses were successfully obtained. The cortex was exposed under profound 
esthesia uns conventional five-sided bone-flap and during 
lat esthesia was allowed become somewhat lighter. Full 


the animals were perm 


were generally observed, and 


survive t e} redures in order that the results of the ablations mentioned it 
second part this paper might observed. facilitate adequate 
istologiecal examination ablations were carried out by section of the cortex with 


sharp knife followed blunt dissection. The larger vessels were either clipped 


silver clips coagulated with the Davis-Bovie electro-surgical knife 


Both monopolar stimulation was employed with 
phasic make and break stimuli, and all the usual precautions were taken 
gainst spread current. When the monopolar electrode was used the diffuse 
lectrode was placed the rectum. The responses presently described 


obta with almost equal ease with each form 


irrents Were not utilize l When septic precautions were observed a DuBois 


Rey inductorium was used and for acute experiments 
Intensity stimulation expressed terms distance the 
secondary from the primary. few experiments the specially con 


led stimulation described Dusser Barenne and 


Marshall was utilized (see Experiment 5). Cellophane tracings the 


5 
cniel markings were t iken whenever a cerebral hemisp! ere Was expose 3 ind 


ecurate charts were thus made all points stimulated 


Thea imals w » anesthetized with ether in ill eases in which ipsilateral 

The nom ture used that the List the Vertebrated 
Zool ty, edited Flower 1929 Fulton and Zuckerman 
13)}) 
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1) cali: (tion of Bax silateral Re SPOnse 


every case which ipsilateral response was obtained was 


most readily evoked from sharply area lying about 


the superior lip the superior precentral 


2,—A small lesion was made the 
most readily obtained section 
cortex (Area 6) since there are no Betz cells in the 
somewhat more intense stimulation, however, the response 
obtained from area extending mm. all directions from this 
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hs 1 
ibove the superior precentral the excitable for res] ter 
ver extre! ity \ ‘ ites the st ca ta nt r t 
boundary between Area 4 and Area ¢ brodmann. 
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REPRESENTATION MOTOR AND PREMOTOR 


central excitable focus. thorough exploration the motor and pre- 
motor areas has failed yield any other specific area from which ipsi- 
lateral responses can obtained, but this itself does not preclude 
ipsilateral representation being more diffusely present elsewhere the 
convenience description this specific excitable focus 
vill termed the ipsilateral 
Microscopical examination the ipsilateral area has indicated that 
the premotor region (Area Brodmann), just anterior 
motor cortex (Area Brodmann; see fig. With stronger 
stimulation the ipsilateral area could readily extended posteriorly 


nto anterior parts the motor area (fig.1). instance, however, 


was the point maximum excitability for the ipsilateral response 


silateral 


stimulation was 
extremity, and some animals 
the lower extremity. The movement 
extension all joints. This response (in anim 

rds) was always associated with complex 
the type adily evoked from the 
The contralateral movement 
ipsilateral, i.e., flexion all joints instead 
xtension, but this was not invariable. Rarely flexion the ipsilateral 
extremity was observed and this was associated with 
ontralateral extension. Other types response ipsilateral 
inversion and eversion, abduction and adduction, 
have been less commonly seen. some cases stimulation the 
inferior lip the superior precentral sulcus elicited movement 


ti 


ipsilateral upper extremity, usually flexor character. 
The 
llustrated the following 


general characteristics the ipsilateral response are well 


the motor area itsell 
ebra phere fail j ti ¢ fraiatera Ves) Ane 
i 6 res} fi of superior precenti Cu 
teypation Are te) part of Area 6 7 
j 6 li er ive ert ne pirere ertirpat re) nder of lrea 6 
In this paper all designations of cortical areas have reference to } Imann’s [2, 3) well 
known architectonic maps the monkey and anthropoid cortex 
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, Area 


The subject 


this experiment ile monkey 
welghing 1,650 grn 


the left cere! 


S 


hemisphere 
onoplar electrode, the indifferent 


isual discrete 


February 


removed 


</ SON 


Diagrammatic 
eral pathway 
ea 6 to Area 


March the right 

he motor cortex (Area 4 
a threshold of 11 em. with electrode 
complex contralateral movements were 


With stimuli slightly 


Ol 


creater intensity 


the ipsilateral lower extremity was readily obtained from 


the superior precentral and for short distance above 
moven 


not obtained from any other part 
cortex from stimulation the dura including the falx 
response was invariably associated with complex 


usually flexor in character. As usual all responses from the 


had longer latency than movements 


Il 


premotor cort 
elicited from Area and the latency 


the ipsilateral responses was greater than that the contralateral 


from the pre 
This did not affect the excitability Areas and 
With spatula the entire premotor area was undercut (fi 


incision was then made anterior Area separa 
frontal (Area 


tin 


that its only 


= 
Marel 10: Exposure of cerebral hemisphere e fat wa 
responses from Areas and ertension the extremity 
of super precentra Sule (> fercul; feral Ves} 
vexity ol posed The cortex was stimulated 
using ‘lectrode being inthe Fron 
the motor cortex the responses were elicited and 
pre cortex showed 10S usual excitability. Krom the sup lip ot 
precentral suleus slow flexion the ipsilateral lower extremity could 
repeatedly obtained. Subsequently block cortical tissue, including 
motor area and that from which the ipsilateral esponse Was was 
extirpated. microscopic was seen that the 
} . 
response had been elicited from the posterior part Area (fig. 
ind the remainder 
‘ 
‘ 
be 
cutting the ipsilat lirect projection from leaves intact 
trans-cortical fibres from which ict the for 
ntralateral response 
hemisphere was expos 
Stimul: the usual discrete sust l 
respons s as bef \t l0e t 
The ipsilateral 
ralateral movement 


IPSILATERAL REPRESENTATION IN MOTOR AND PREMOTOR CORTEN 


with Area Stimulation Area still evoked 
tralateral responses which are elicited fibres 
responses contralateral and ipsilateral 


abolished. However, 


Is Indicated 


1 be | WwW In 


This experiment, which was complete accord with subsequent 
demonstrated the locus from which 
obtained, their association with contralateral move- 

higher threshold and longer latency for ipsilateral 


compared with the contralateral 


The various conditions which the ipsilateral response may 


considered. 

responses when the animal with any the barbituric- 
icid derivatives (sodium amytal, dial, This scarcely surprising 
view the known depressant action these agents upon 

other responses elicitable from the premotor cortex 

successful experiments were conducted under ether 
was necessary even with ether ensure light This cir- 
ecasionally rendered observation difticult, for the 
light that spontaneous movements appeared they were prone 
confuse this connection, however, one 
iteresting observation was made. During the course experiment 
the animal became light that began move both lower extremities 
rhythmically, though were attempting run. The superior lip 
the superior precentral sulcus was stimulated, the ipsilateral lower 
immediately became fixed extension, the contralateral 
and this posture was held long stimulation continued 
soon stimulation ceased the running movements began again. The 

bservation was repeated several times with the same result. 

(ii) Ipsilateral response independent contralateral spinal innerva- 
the consistent association the ipsilateral response 
with movements the contralateral lower extremity the question 


immediately arose whether the ipsilateral response was due 


remaining attachn 

the sustain 1 con 

Are td All 

were completely excitability Area remained 
inchanged. 

The block tissue (Area which had been undercut was now extirpated 
microscopical study showed that the extirpation had extended just 

sults extirpation this animal are periment 
(4 fo) nthuene ng the l) silateral hie SPONnse 
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direct pathway innervation from Area the musculature 
extremities the same side, whether possibly the ipsilateral 
was the nature crossed extensor response secondary movement 
(flexion) the contralateral lower extremity, and thus subserved 
entirely nervous pathway within the spinal cord, This question 
was particularly pertinent the ipsilateral response invariably had 
longer period latency than the contralateral and thus always sue 
ceeded the latter. the ipsilateral response may 
independent the contralateral well demonstrated the followin; 


experiment (one three, all which gave the same result) 

} fi) dia iid t) ple 

/ } 

subject this experiment was small 
grm. 

cord.—On 20, 1933, laminectomy was performed 

mid-dorsal region and right lateral semisection the spinal cord was 

with small iridectomy knife. The following morning the animal 
yuite norm ul « xcept lor a flaccid pal lysis of the right lower extremit ‘4 
flacciditvy was not plete as there was slight tendency fl 
posture stimuli applied the right produced lex 
response that éxtremity. The knee-jerk was barely obtainable 
but seemed have its normal intensity the left There was 
response painful stimuli, pinching, the left half the body 
below the level the semisection, whereas such stimuli elicited the usual 
evidences perception pain, within the limits existing paralysis, whe 
the right side. 

Cortical stimulation.—Following this examination the animal was 
with ether and both cerebral hemispheres were 
subsequent stimulation (Harvard coil) the responses obtained both for mot 
polar and bipolar stimulation were identical, except that slightly greate 


intensity current was needed with bipolar 

Stimulation the motor cortex the right cerebral hemisphere elicited the 
isual sustained responses the left upper and lower extremities 
Stimulation the right premotor cortex with stimuli slightly eate 
intensity than those required excite Area gave rise the usual compl 
movements the contralateral (left) upper and lower 
applied the region about the superior precentral sulcus elicited not only 
contralateral responses but variety movements, flexion, extension, pronatior 
supination, the ipsilateral (right) upper extremity, but time 


any movements observed the right lower extremity 


2 
gt 
¢ 
4 
x 


the contralateral response could produced 


ssential 


perit 
Xperinic 


rTERAL REPRESI 


which usual had threshold slightly above that 
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motor area gave rise typical responses 
the right lower extremity 
ments the right upper extremity but 
the 


upper and lower extremities 


complex movements the contralateral (ri 


observed in the right lowe) 


immediately above the superior precer 


elicited movement the ipsilateral upper 


RTEX 


the right 


tation the 
Area 
none the 


itral sulcus 


which were 


ight 
extremity 
itral sulcus 


ind 


and contralateral upper extremity simultaneously, but stimuli 
this experiment imal was sacrificed and the spinal cord 
The sketch indicates the extent the 
t ft t spina 
il | p 


similar experiments definitely established the fact that the 


‘al response 


oecurs the 


il 


at 


for the psilate 


above the 
order 
nts were unde 
the third 
hemisphere 


right precentr 


dependent upon local spinal ret 


lex. The 


ibsence any contralateral movement, and 


the ipsilateral extremity 


tion this experiment showed that the descending 


ral response limited the 


pinal cord was not evident from the 
determine this point 
rtaken 

nse dent contralateral corti 


eration 


Experiment (after Areas 


been removed) stimulation the 


evoking 


half 


Whether the pathway doubly decussated 


fore CoM 


al 
_ 2 
and ¢ 


su} eriol 


sulcus vielded vigorous ipsilateral responses 


other similar experiments proved that the impulses responsible 


te 


extremity, but 
left Area 
wer. Stimuli applied 
associated with 
pplied 
lateral 
the spinal cord. 
structure 
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for this response crossed the opposite half the encephalon 
recross before reaching the spinal cord, the major motor projection 
systems (Areas anc the opposite hemisphere were not concerned 
the response. 

Other possibilities, distant they seemed, had excluded, and 
with that mind two experiments, which the following one, 


were performed. 


Stimulation 

esponses in the contralateral extre 
lip the precentral sulcus stimulation evoked interna 
left) lower extremity and slight flexion the digits 
this small area and could repeatedly obtained. 
left hemisphere into the superior longitudinal sinus 
the left hemisphere retracted laterally, exposing the 
The anterior cerebral artery was occluded with silver 
corpus callosum was sectioned its entire length from 
the genu and ineluding the rostrum. The section 
the left the midline, opening into the left lateral ventricle, 
any damage the structures the right hemisphere 
cedure the anima! made rapid recovery and exhibited 
See Kennard and Watts 

Second Three days later, May 
and the right cerebral hemisphere 

tor and premotor areas with monopolar elect 

Stimulation the 

movement the ipsilateral lower extremity movements 
parable those seen previously from stimulating hemisphere. 


were somewhat more extensive and consisted internal rotation 


extremity and flexion all joints. Having made these observations 


frontal lobe anterior the motor cortex the premotor and 
was extirpated. 
May 


ne 
= 
lay 22: Ex; right cerebral 
» of? } ta) frontal areas 
& 
esponses. Autopsy. 
The subject this experiment was medium-sized nkey 
first operation Sect rPUS Ca Sid) On Mav 1%. 1933. bone } 
Was retiected in the usual manner, exposing the convexit\ cere | 
»avold 
1s 
l pi 
deficit 
ot the 
ra 
finite 
| ney 
é 
Ly 
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CORTEX 327 


the previously made bon 
Harvard with bipolar electrode) evoked strong extension 


all the ipsilateral lower extremity and feeble flexion the psi- 
teral upper extremity. responses were associated with 
strong flexion the contralateral lower extremity and variable movements 
contralateral upper extremity. The responses were repeatedly obtained 
from this area but could not elicited ther portions the exposed 
t X 
The animal was sacrificed and examina the brain revealed that the 


corpus ¢ illosum had beet completely divided 


This experiment the findings Experiment and wouid 
seem exclude quite definitely the possibility that the contralateral 
hemisphere essential the ipsilateral response. The possibility 
louble decussation the pathway the basal ganglia brain-stem 
still remains, but yet have been unable investigate this point 


1) the f n Response j sé] rating lrea | 


from 


the cortex separating Areas from and 
extirpation Area either abolished diminished the excitab lity 
the premotor cortex contralateral responses. was therefore 
decided study the ipsilateral response under such circumstances. 
the necessity maintaining very light was 
difficult keep ata constant level. slight variations depth 
greatly effected the response the great majority experi- 
ments had excluded. However, several which were satisfactory 


were obtained and the following may cited. 


The subject this experiment was well-developed, igh 

mature, male baboon (Papio weighing 4,300 grm. 

Onerat February 24, 1933, the left cerebral cortex was posed 
inder ether The cortex was stimulated with faradie 
sing mono] lar electrode \s usual the responses trom the motor cortex 
ere sus ind diseretely locali 1 (threshold 12 em Wi the coil at 
typical vements the contralateral extremities could 

ted fro the } tor ¢ tex With sti uli of sl tly eate ntensity 
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and light responses the ipsilateral lower extremity 
and tail could elicited from small area mm. diameter the 
posterior part Area and short distance above the superior 
sulcus. The movements the tail (lateral) were rhythmic. The ipsilateral 
responses, Which were obtained repeatedly, consisted sustained extension 
the hip and knee and plantar flexion the foot. These responses 


always associated with movement the contralateral lower extremity, usually 


extensor type. 


The broken line the site the superficial incision separating 


responses were elici 


motor from the premotor area the cross-hatched area the motor cortex 
extirpated. 
incision about mm. deep was then made wit 


sharp scalpel along the bound between Areas and (fig. 
this incision the excitability of Area 6 for contralateral movements was greatly 
reduced, but striking contrast stimulation elicited great 
ment the ipsilateral lower extremity and tail times 
elicit movements the ipsilateral lower extremity without evoking any 
the contralateral. This was regarded especially significant since prior 
the incision contralateral movements were vigorous and the ipsilateral 
relatively feeble 

Ext rpation [ sing il sharp scalpel the arm nd leg areas of the m 
cortex, including the portion the medial face the hemisphere, were con 
pletely removed (as confirmed microscopical examination). 
following this the excitability Area was completely suppressed for 
time. The excitability then improved, movements the ipsilateral extremity 
ind tail continuing with the vigour they had shown following the 
while those the contralateral extremity, although still present were 
extent and elicited with greater difticulty 


The animal made prompt recovery from the procedure with the usual 


neurological symptoms from sueh ablation. 
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This experiment was harmony with our previous experiments 
which had indicated that the ipsilateral movements were independent 
the contralateral, and also showed that separation Area from 
Area increased excitability the ipsilateral area. this was 
with experiments which were being carried out Dusser 

Barenne and Marshall was decided adopt their technique 

‘der obtain more rigorous control the results. The animals 

were lightly with ether and the depth narcotization 

kept constant possible. Stimuli constant intensity and duration 

were then applied once every minute the point from which ipsilateral 


responses could obtained 


expos Ihe psilateral response was li‘ lily elicited 
the superior precentral The threshold was det 
strength stimulus kept const intly that level series 
stimu 2°3 duration was applied regularly every minute 
e point ( suriace ol Ar tot which had eiven the best ipsilatera 
sponse electrod 


Initially stimulation this point gave rise strong complex movements 


contralateral extremities, usually flexor type, and definite though not 
movements the ipsilateral lower extremity. During the 


/ ippeare / 
h it por ted rh ross-hatched areal the ** rea ol 
Under ethe cerebral hemisphere small monkey 
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next ten minutes the ipsilateral response gradually grew until finally 
was unobtainable with stimuli this intensity and duration. paste-lik 
mixture per cent. novocain with crystalline toluidine blue was applied 
the leg area the motor cortex (fig. 6). There was immediate chang 
But five minutes after the application novocain the leg area was 
excitable and minute later stimulation the superior lip the supe 
precentral elicited strong ipsilateral responses well comple 
contralateral movement. The ipsilateral responses continued vigorously 
about twenty minutes, which time the leg area the motor cortex heca 
responsive. The excitability the novocainized area slowly return 
ind parallel with there was gradual subsidence the ipsilateral 
its initial level. 


This carefully controlled experiment was contirmatory the pre- 
ceding which had been performed with the ordinary technique. 
obvious from these that isolation that portion the premotor 
responsible for the ipsilateral response from the motor cortex 
posterior greatly enhances its excitability, but the basis this 
effect not clear from these studies, apart from the fact that 
apparently release phenomenon. hoped that Dusser 
and more detailed experiments upon 
related problem will clarify this point: 


EXPERIMENTS. 


The experiments just described clearly demonstrate that appropriat 
electrical stimulation the cortex may give rise responses the 
ipsilateral extremities. following experiments which ablations 


were carried out show that the motor and premotor areas are 


concerned the integration ipsilateral motor activity 
(1) Removal all but one Motor Premotor Area 


Extirpation the motor area from one hemisphere and 
premotor areas from both, leaving only one motor area intact, inter- 
feres with the motor activity, but does not abolish completely 
either side. This well illustrated the following experiment 


/ right he let Mt rapraly mpi “pal 
Fel wary 6. Ratir) if eft pre) to) 
we thness which again recovered, 
all four extremities which slowly proved 
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IPSILATERAL REPRESENTATION MOTOR AND PREMOTOR 


For this experiment the animal described Experiment 


+ 


this paper has been selected that one may correlate more adequately 


stimulation with those ablation. 
tor January 11, 1933, the cortex 


and after stimulating the lateral 


entire motor area and posterior part the premotor 


Microscopical examination the extirpated 


extent the lesion. Immediately following the operation 


was practically complete. movement was present 
and only very slight movement was 
wing day the extremities were 


having returned right shoulder and elbow, 


econd 
All « xtiry] 


cage without £1 
weaker and less usefu 
were used 


area Was rein 


howed that t nvolved 


immediate few hours 


animal was 


id 
| 
if 
us 
were removed (fig. 
right-sided 
knee. The follo 
7 
the area extirpated the first operation. includes Area and part Area The 
undar these reas, determined microscopical study, indicated 
the broken lir 2° the area removed at the eration and ‘* 3” at the third. H 
Thus only the ht motor area re 1ined intact tions extended down to the first k 
+} f the } enheres 
licus me ul I hems} res, 
extremity was sulil iently strong to assist in bearing the animal's weight in t 
walking. Within eleven days after the operation the animal was climbing the 
walls ditficulty. The upper extremity continued 
much than the lower. \fter four weeks (February 
the right d freely for climbing and walking, but digital i 
! veme 
tl f tefl pie ea. On Feb left hemisphere was 
re-exposed and the remainder the premotor Microscopical 
study the block extirpated all Area that 
remained after the first operation and extended mm. into the frontal area 
lying anterior Though there were no Betz cells in the block removed on 4 
February this ablation definitely the weakness the right 
extren ities but it did not cause them to lapse into the state { prot ind | 
operation the ive days i 
later the animal ran about the cage and climbed the walls quickly, using all 
| 


ORIGINAL ARTICLES AND CLINICAL CASES 


four extremities, although there was obvious residual weakness the right 
side. The right extremities were never again used picking objects 
food. the end month (March 10) one had observe the animal 
detect his right-sided weakness (chiefly the fingers). 

right premotor March the right hemisphere was 
exposed and the entire right premotor area ablated, thus leaving the animal 
with the right motor area the only intact portion its cortical moto 
projection system. Microscopic examination the right premotor area indicated 
that the lesion had extended mm. anterior Area into the fronta! 
area. extended into the anterior part Area the upp 
part 


The immediate motor deheit Was quite severe, the anin il being able t 
walk but its movements were very awkward and slow, and both right und 
extre nities frequently CAVE WA\ Marked forced grasping Was present in il 
extremities. Two days after the last operation the animal climbed the wall 
the cage, but had sreat difticulty in descending at 1 finally fell As the animal 


attempted walk frequently lifted both feet from the floor simultaneously 
causing it to fall forward on its face This poor syne nization at movemel 

the lower extremities persisted for several months, but the motor deficit 
slowly lessened. Six days after the operation first saw the animal 
food its left hand and its mouth. Previously had eaten 


bringing its mouth the food 


Two months after the third operation (May 15), the animal was very active 
movements were quick though not always well co-ordinated 
ran about the floor the cage and the walls wit lescent 


however, was still awkwardly done. three months, although 


motor activity was obvious close inspection, casual 


might easily have mistaken the animal for normal monkey 

This experiment, when considered connection with 
that Area fact capable integrating movements all 
four extremities. Similar observations which also support this inference 
have been reported another connection Fulton and Kennard [12 
The next experiment shows that Area may function vicariously the 
same way although not effectively 


Experiment (Premotor series, No. 10)—November 1932: 


are much indebted Dr. Kennard for her permission incorporate this 


experiment in this report 


We 

Cerebral hemisphei erlir} Lor area } tt her wit 

4 4 ’ ; ; ; 

marked weakness vi extremilies } } rovea 

December 5 Ext rpati ert remot r ef 

Ht side a / EB, ead ras) 
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The subject of this experiment was a sm ull female baboon (2. pap not ! 

mature, welghing > 900 rm 4 

left motor November 1932, the left hemisphere 

exposed under amytal and after stimulating the exposed cortex 
the motoi (see fig. was removed. The following day there was 


complete paralysis the right upper extremity, and although the 


extremity was very weak was strong aid fairly rapid 
progression Movement the right lower extremity 
and knee, but gradually the limb 
returned at the ankle and foot Not until four days ny 
movement observed the upper extremity, and even und 
limited the shoulder and elbow the twelfth day movement the right 
lower extremity was strength serve adequately running and 
standit emity, however, was never used progression, and 
left n 


mot November the right hemisphere 
was exposed under amytal anwsthesia, and after the usual exploratory stimu 


lation of the cortex a block includi g the entire motor area, and encroaching 


somewhat upon the premotor, was extirpated (fig. right-hand diagram). The 
following morning the animal was sitting the cage, and when released 
immediately progressed across the floor the room and climbed the wall 
another cage. Its favourite method progression this stage was lie 


its abdomen on the ftloor and push 1tse¢ lf along with swee} ing movements of 
the extremities which resembled swimming. The deficit was not much greater 
the left extremities than the right, and movement was present all four 
made effort bring food its mouth with its hands, but other evidences 
recovery the use its extremities were plentiful: within few 


was able stand. However, running the two upper extremities 


lower extremities moved simultaneously, resulting peculiar hopping gait 
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the left premotor area.—On December the left hemisphere 
Was again exposed under amytal anwsthesia and the entire left premotor area 
was extirpated, leaving the right premotor area the only remaining porti 
the cortical motor projection systems. The following day the animal was 
sit and run about the room fashion much similar that 
the last extirpation. However, its movements were slower and its extrem 
ties weaker. Reflex grasping appeared for the first time, but rigidity was not 
evident until two days later and involved the right extremities primarily 
This unilateral extensor rigidity the right caused tilting the body 
the left the animal walked ran. left upper extremity was now 
frequently used the animal feed itself, whereas the right was never used 
pick objects 


the preceding two experiments animals were observed with 
one motor area with one premotor area intact 
Although their motor activity was far from normal they were 
pletely paralysed any their four extremities, since they 
perform, rather crudely sure, most the gross movements 


normal animals. 


2) Bilateral Removal of Motor and Premoto? Lie 


striking contrast with these are the animals from 
motor and premotor areas have been completely removed bot 
Such preparation completely paralysed, i.e., cannot sit, stand 
run, and quite unable feed its motor activity 
reduced that thalamic preparation (Bieber and Fulton 
consisting stereotyped grasping and groping movements which 


been interpreted exaggerated righting retlexes. 


1933 


i) 


motor area.—On January 


female monkey mulatta) weighing grm., was 

ind the left cerebral hemisp! ere exposed. \fter explori ‘ 

the the entire motor area, including the face representat 

portion the premotor area, were extirpated (tig. The extent 

ablation was determined microscopical the block. 
evening the day operation the right upper extremity exhibited 


tlaccid paralysis there was slight movement, however, hip and knee 
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wing morning sligh 


light movement was present the shoulder and elbow, and 


could used bear the animal’s weight progression. 
ight extremities continued improve strength and 
not rapidly during the first twenty-four hours. Three 


employed walking, running and climbing, the extremities 


veeks | ter, though 
vere never used grasping food bringing food the mouth, and all move- 
nts ight were slower and more awkward than the left side 
pose nd the leit premotor area, Wh ch proved to he ¢ lectric illy excitable 
Ss eXtl ited (tig. 9 Mier scopical study of the block indicated that the 
1)'} was restric 1 to Area 6 On the evening of the operation the 
was able stand upright and climb the walls the cage, using all 


considerable increase motor weakness 


ppeared tol the first time in the right 


Motor power the right side improved considerably during 


the animal was excellent condition and climbed rapidly 
its used the right extremities relatively little, 
much better advantage than the upper, which serve 


then remained stationary. Two weeks after this 


are February the right 


ingle block. The extirpation involved not only the area 


this procedure, volitional power all four extremities 


lished, an 


Is 


shown 


the neurological status was thus striking contrast 


Experiments and The animal lay quietly 


1] 
Li) 

Subsequently the 
hough 

= 
ved the first, second and third operations respectively. The mot 
major motor tion systems the cortex, wer 
r ut ull 

> walle 
being util 

is a} oO prenension 
isphere was exposed, and identifying the excitable areas 

st ulation the entn ! tol including face and premotor areas were 

convexity the hemisphere, but extended down the first 
the medial surface 

mpletely 
to the eondition 
vhichever side it e 
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its teeth turn its head slightly, but made movement with its extremities 


its facial and masticatory muscles were paralysed, could not take food 
even when presented its mouth, and food placed its mouth remained 
there, rendering stomach tube necessary for feeding. There was first 
movement the extremities. Later, however, paroxysmal rhythmic 


movements appeared the upper extremities. during these 


hand came contact with object, immediately grasped it, the 


stopped and the grasp continued indefinitely, often for hours. the 

lay upon its side, its postural pattern remained always the same. For example 
lay upon the left side, the left upper and lower extremities would rigidly 
extended, the right markedly tlexed. If it was turned over on to the right s 
the pattern would become reversed. \lthough these alterations 
posture (fully Bieber and Fulton were present 


practically other movement except the paroxysmal groping was ever observed 
The animal was unable sit, stand, walk, climb, eat perform any 
seen normal monkeys, even those above whi 
only one motor premotor area remained. 


This picture remained unchanged, and February 16, one week after 


operation, the animal was found dead its cage, lying its side 

the postural pattern deseribed above and strikingly accentuated its 
necropsy intussusception was found the lower portion 
the ileum with evidence intestinal commonest cause 
death animals having bilateral lesions the premotor area (Watts 


Fulton The brain, which was good condition, was carefully 
grossly and microscopically, and the lesions were found restricted the 
the cortex originally ablated operation, i.e., there was 


surrounding areas the deeper nuclei 


Five other animals have been similarly prepared the laboratory 
some, considerable activity mastication and swallowing has been 
preserved leaving portion the face area intact (thus minimizing 
nursing care), but all have presented similar completely incapaci- 
tating paralysis the extremities fron: which they never recovered, 
although two them survived for long four months (Bieber and 

The ablation experiments are thus harmony with the stimulation 
experiments. ‘Together they demonstrate that one motor area, 
premotor area, alone capable within certain limits integrating 
movement all four extremities, i.e., ipsilateral well contralateral 
When the one remaining area removed the animal becomes helpless 
and devoid all motor activity volitional Whether all 
one motor cortex premotor cortex, the case may be, necessary 


for the maintenance motor activity the extremities undetermined. 


view the stimulation experiments possible that animals 
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which only that portion the cortex about the superior precentral 


sulcus remained intact would capable volitional activity the 


ipsilateral extremities. 


Previous 


the twenty years immediately following the demonstration 

and Hitzig and Ferrier 1873 that motor manifes- 
could elicited electrical stimulation the cerebral cortex, 
investigators studied the excitability the cortex. Many 
bservers elicited and recorded responses the extremities ipsilateral 
the area stimulated. The results these experiments are adequately 
summarized Gotch and Horsley and was their opinion that 
there was representation the ipsilateral extremities the cortex 
but that movements elicited the same side were due bringing 

portions the central nervous system, particularly the opposite 
excitable cortex, the cerebellum and basal into play. 
this influence upon other centres was achieved, whether transmission 
nervous spread electrical effect, they did not state 
difficult interpret these early observations since the 
strength current used for stimulation was far excess that the 
carefully controlled experiments modern workers. This well 
the work Gotch and Horsley just referred to. their 
experiments the typical response stimulation the motor area 
This effect commonly observed response strong stimuli and 
frequently referred nowadays “epileptiform That 
and Horsley were referring similar response evidenced 
their reference the results stimulation slight good 
elicited ipsilateral responses dogs, rabbits and rodents well 
nonkeys; and that these responses were obtained after section the 
corpus and other after removal the opposite 
hemisphere, and after variety lesions the spinal cord. 

Hering elicited ipsilateral movements from the cerebral 
cortex both dogs and monkeys rhesus and cynocephalus 
baboons dogs ipsilateral responses could still elicited after 
section both pyramids and hemisection the medulla. monkeys 
ipsilateral movements were evoked stimulation the cortex 
section both pyramids. considerable interest that 
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experiments the region about the superior precentral sulcus (which 
called was the area from which these responses were obtained 
1902 Rothmann [21] these findings but added little new 
information far the ipsilateral response concerned. 

the last twenty there almost reference 
excitability the cerebral cortex for ipsilateral movement. 

1919 and Vogt stated very that they had 
elicited ipsilateral responses stimulation the premotor corte: 
“Die Bewegung neigt mehr als bei des (Area 

sich auch auf die gleichseitige erstrecken. 
gar nicht selten sogar die zuniichst 


are not aware any more detail 


man beobachtet 


reference this point these authors. 

However, other evidences control over the ipsilateral extremities 
the motor projection systems have from time time 
excitable area the cortex results not only degeneration the fibres 
the lateral tract the opposite half the spinal cord, 
lesser extent the lateral pyramidal tract the same side well 
They were, however, unable associate this with their experiments 


stimulating the motor area with the paresis which follows removal 


the motor area. Their failure obtain ipsilateral response upon 


stimulating the motor projection area possibly 

basis deep the experiments reported 

repeatedly demonstrated that any but the lightest ether 
destroy the response, certainly narcotization suppress the 
excit Area would so. 

Recently Fulton and Keller have confirmed the findings 
Leyton and Sherrington various primates. They have sum 
marized their findings follows pp. 

the cat and dog there evidence that removal 
the motor area, even whole hemisphere, influences the moto 
power the ipsilateral bilateral lesions tend, fact, 
less disturbing locomotion whole than are unilateral lesions. 
the monkey destruction the second leg area appears have little 
influence upon the power the ipsilateral extremity, but the baboon 
suffers definite and permanent impairment ipsilateral motor power 
when this operation out. This also true the gibbon 
The resting posture the extremities also changed (abnormal 
adduction the thighs, extension and lateral deviation the toes) 


> 
bd 
4 
4 
4 
=~ 


REPRESENTATION MOTOR AND PREMOTOR CORTEX 


the chimpanzee, destruction the second leg area yields 
deficit ipsilateral motor power, and profound and permanent 
posture the lower extremities. Our data the compara- 
tive rate recovery motor power the various primates following 
iblation the second leg are yet but clear: (1) that 
the second extremity requires nearly three times long the first 
regain power hip and and (2) that the chimpanzee 

slow regain corresponding degree power the 
We therefore conclude that the baboon, gibbon, and chimpanze ( 
degree bilateral representation the leg area.’ 

Attention was also drawn the report human cases Holmes 

paralysis following bilateral injuries the foot area was more 
and less quickly recovered from than one would expect the 
motor power which generally follows injury 
\dditional evidence human cases has recently been 
large part the right hemisphere, exclusive 
basal ganglia, the patient immediately suffered 
left hemiplegia. However, about three weeks evidence 
voluntary movement appeared the left lower extremity. ‘This pro- 
increased until within comparatively short time the patient 


was able walk with the aid acane. Dr. Peet, 


Arbor, Michigan, has informed case his from which the 


ntire hemisphere was removed including the basal ganglia, and within 

twenty-four hours unmistakable evidence voluntary movement was 
see fit report this case greater detail 

Dandy reporting five cases from which removed large 
part the right cerebral hemisphere, states that Case which survived 
the operation two years and two months showed slight flexion and 
extension the knee and thigh. but there was never enough 
the extent the extirpation. 

Obviously cannot concluded from the report these three 
that the movement which appeared the extremities contra- 
iteral the extirpation was due innervation the intact ipsilateral 
hemisphere. However, the experimental findings here reported would 
‘learly support such hypothesis. 

even greater interest connection with human material the 
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isolated statement made Otfrid Foerster his London lectures 
1931 that the thigh often represented bilaterally the 
cortex. This determined electrical stimulation the 
cortex over one hundred and fifty human subjects. 

summary then, clear from review the literature that 
many workers have elicited ipsilateral responses from the cerebral 
wide variety animals and under many different circumstances 
Clinical observations suggest that man the cerebral hemispheres 
capable ipsilateral innervation, but may not extensive 
monkeys. human case where large part one hemisphere has 
removed has the motor activity which developed 
the paralysed member been comparable degree that seen infra- 
human primates. Yet essentially the recovery the same nature 
The pathway ipsilateral innervation man unknown, but 
not unlikely that identical with that present the 


primates, 
Iuterpretati of Eaperimental Data presented Paper. 


These experiments demonstrate that the monkey electric 
stimulation the premotor cortex the region the superior 
central evokes movement the ipsilateral extremities, 
the lower, which the intact animal associated with complex mov 
ments the contralateral extremities. the ipsilateral 
independent the contralateral extremities has been demonstrated 
appropriate hemisection the spinal cord which abolishes the contra 
lateral response while leaving the ipsilateral unchanged 
The pathway concerned these reponses independent the 
tract from the same hemisphere shown cases which has been 
produced after Area has been removed (Experiment pathway 
does not pass through the corpus callosum and independent Areas 
ind the opposite hemisphere (Experiments and 
through the brain-stem undetermined, but does cross 
contralateral half the neurai axis the decussation must 
one, for the pathway occupies the ipsilateral half the spinal cord 
(Experiment 2). 

Isolation the portion the premotor cortex responsible for the 
ipsilateral response from Area incision the cortex, extirpation 
application novocain the motor cortex, has several instances 
greatly enhanced the ipsilateral response and 5). 

Ablation experiments, moreover, are entirely harmony with 
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results stimulation. The motor premotor area one hemisphere 
sufficient integrate movement all four extremities (Experiments 
und 7), but the removal Areas and from both hemispheres the 
animal becomes helpless 8), all volitional power 


destroyed 


Ipsilateral responses the extremities 


monkeys stimulation the cortex restricted region about 


the superior The excitable area lies principally 


\rea 

These ipsilateral responses are independent the contralateral 
responses with which they are often associated and are mediated 
pathway which entirely ipsilateral (unless there double decussation 
within the brain-stem). 

oved from oth hemispheres 
ited. 

There evidence ipsilateral innervation the extremities 
man which probably mediated pathway comparable that 
monkeys. 

After this paper had gone press, Professor Sherrington 
attention the remarkable early paper 
who observed ipsilateral responses from the 


after contralateral semisection the spinal cord 


elicited 
R ting Retlex (In preparation.) Preliminary mmunication in A 
1933, 105, 7-8 
‘ | ) ANN, K Beitr ir histologischen Lokalisation der Gr hirnrinde, VII I) 
toar tektionis Cortexgliederung der Halbaffen (Lemuriden),” /ow fd 
a, Ne l., 1908, 10, 287-334 
\ f hende | i it n I ler Gir nrind pier 
iar te t auf Grund des Zeller ig \. Bart | 
B Electrical E:xcita ty and Cytoarchitect f the Pr tor ( tex in 
»} Idem. ‘* A Comparative Cytoarchitectural Study of the Motor and Premotor Areas of : 
Subl in Primates,’ J ( pt. N n Press) 
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Hemiplegia,’’ Journ. 
Studies Following 
Johns Hopkins Hos 
Electrical Stimulation the Motor’ 
the Vertebrated Animals 
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ox, J. F. Bilate 


of the Chimpanzee, 


and 
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Communi 
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1891, 182, 267-52¢ 
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nisphere for Certain Tumours witl 
), 823-825; see also Physiologica 
Science, 1931, 73, 215-214 
sont 
1929. 
10) Representation the Lower Extremity the Motor Cort 
1932. 
ince Primates with Observations the Nature and Mechanism 
Assoc. Research Ment. Dis., 1933 (in Press) 
13] J. F. and Zuckerman, S. “ The Nomenclatur { Primates Com nly 
Trans. Phila. Neurol. Soc., Veurol, and I uf., 1932, 2B, 470, and Pe 
also Removal the Right Cerebral Hemisphere for 
Trans. Roy. Soc., 
oder anderer Theile des centralen Nervensyste mit besonderer Berucks 
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Ved. Journ., 1915, 493-498 
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(in 
135-222 
schaltung cerebrospinaler Bahen,” Med., 1902, 44, 183-217 
Grinpaum, A. 8S. and SHreRRINGTON, C. S., Observations on the Phy ] ft 
92-158 
Psych. Neurol., 1919, 25, 276-462. 
Cortex Intestinal Motility the Monkey, Obstet., 1934 
Press). 
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NOTICES PUBLICATIONS. 
Lracté de Phys Jie No e et Pathol Systé e Nerveta 
Parti Paris: Masson Cie 1933. 566 Price 
LOO 
The ninth volume Roger and Binet’s System Physiology devoted 
the nervous system, and the tent the early appearance which 
complete 
This volume differs and from the textbooks treatises 
1VsI logy with w eh English readers re imiliar, for n addition to dealing 
vith the normal functions organs determined mainly experiments 
nimals, 16 deseribes, f | ently in considerable detail, the effects of disturbances 
these ticularly seen man. one the early chapte 
n the legeneration and regeneration o peripheral nerves, tor instance, the 
thods surgical suture injured nerves man and 
the next c pte n the disintegration of nervous tissues is wholly pat! logical. 
combinat the physiology and pathology organs the one 
howeve useful the for enables him turn 
nee from the normal the abnormal and therefore obtain wider and more 
reumspect view the questions interesting him than can find textbooks 
clinical medicine pathology. 
Another feature this volume which should appeal neurologists that 
the chapters are written clinicians who are familiar with the needs 
Levy Valet si and Lhermitte are al sections 
The chapters deal with the funetions 
ervous tissue the treatment ol this subject conelse hut 
lequate for the needs the physician, The sections on the retlexes and on 
tropism are written more detail, the former including excellent subsee- 
tion the conditioned reflexes. sensory and motor functions 
cerebral localization not reach such high standard and are many 
ways Only two pages are devoted the sensory paths the 
} un and the nature of the representation olf sensation in the corte nm the 
former, al i littl more in the latter, and in both the adiscussion on the ny 
lis} itable points Involved is inadequate Lhermitte’s Chapter on the central 
experimental points view. The sections Richet, and 
Legendre, are also valuable contributions. The last sixty pages 
levoted to the bi emical study of general anwsthesia , 


would have been 
bibliographical references all the chapters, 


General Prine iple s of Human Be fli rolo Jif. By 
Translated and from the 
London: 1933 


his books the anatomy 


late 


he was ilso. and irticularly 


its medical and 


miuct 
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years, and especially during the time was 
logical Institute Leningrad. 
Bechterev meant the study 
trictly objective standpoint the observation 
external and internal stimuli the present 
interpretation the observations must based 
tructure and functions the 
subjective psychol to which 


investigation problems. From the correl 


with his environment later extended his methods the study 
attempt which called collective 
Bechterev's reflexology is obviously related on the one 
insists they are not co-extensive 
the work school the 
however, iecept many of the data obtained by Pavlov 
tations, and often refers disparagingly to them 
the basis his theories hey 
the lowest and are conformable 
activities of the nervous system are exp! ined. The res 
however, feel that many the 
not satisfactorily supported experiment 
inhibited reflexes. The lack adequate demonstrati 
the most disappointing feature the book. 
concise indication his meth 
tion man, and the lines along which reached 
fore often obscure. Other annoying features 
logical Sequence 1n dealing with various subjects, 
sometimes acutely controversial, matters scarce 


ind the recurring claims priority discovery 
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titcan bes rongly recomme 
eee of i cal neurology and as a work ot reterence. 
M BECHTERE\ 
Bechterey is known in England chiefly through the French and Germa 
translations functions the nervous sys 
Tats ion t he Objeetive Study Pe lit in it im 
dies extending over many 
pers ynality from t 
the past insists that 
system must ind 
tion the individ 
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Price 


reproduction 
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vhich became acquainted during sudden and the 
symptoms those acute meningitis. males who are 
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The book contains much interesting material, but doubtful adds 
our knowiedge the activities the human brain mind, 
will contribute the solution the many problems it. The 
translation has evidently been carried out with care and is readable 
The sixth edition this useful handbook little altered compared with 
Small additions which have become necessary 
the advance knowledge further experience may found its pages, 
ind few ections have been made 
Its ec I orth still lies the fact that it is founded on the author's own 
pract ral } e, and it is therefore safe introduet n ry the student into 
clinical logy 
JACOBI Leipzig: Thieme 1933. 
The injec strong solutions sodium iodide into the carotid artery, 
introduced Moniz, has cases led unpleasant results and 
vecording uthors this mon unreliable which 
they have used, saler and they claim entails risk, does 
not produce spasm vessels and later reactions not have 
employed more than 250 patients and have seen complications. They 
LAiVIs however, ¢ xcept in the case of a suspected tumou and raised intra 
cranial pressure, t! combinati ol ence phal graphy with arterial injection 
the liographic pictures the distribution the arteries and the size and 
shape the ventricles can studied simultaneously The technique 
carotid injection the distribution the cerebral arteries visible 
rte are fully numerous radiographs are included 
show the changes general paralysis, epilepsy, arterioclerosis, hydrocephalus 
and cerebral tumours. 
The printing this monograph and the the illustrations 
le serve high pralse 
Masson 1933. Pp. Price frs 
this nograph interesting form benign meningitis 
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affected, and most the cases have been observed the late summer. The 
cerebrospinal fluid generally clear, but may turbid there 
collection polymorphs. The number cells varies and apparently 
bears little relation the severity the attack. first polymorphs pre 
dominate, but later these may only The protein content 
the fluid proportionately lower than that the cases recover, but 
there are frequently recurrences the symptoms. Occasionally slight jaundice 
present, and few cases the kidneys are affected. Injection the 
cerebrospinal fluid into guinea-pigs may produce the lesions 
and all the cases accepted the author 
the serological tests were positive. 

The relation this form meningitis with the benign 
meningitis, many cases which have been recently observed England and 


elsewhere, interesting. The authors not admit the identity the two 


conditions, but the symptoms, the clinical course and the changes the 


cerebrospinal fluid are remarkably similar the two conditions 


De la Psych se Paranotaque dans ses Rapp rts avec la Personnalité 
Par JACQUES Paris: Francois. Pp. 
Price fr. 

This rather pretentious monograph attempt give theoretical 


interpretation paranoia and new clinical type. would 


more valuable the authors conception were more strictly 
with the orthodox view this defect particularly evident 
case Aimée, reported and discussed length, who presented, according 
the author, the hitherto type, paranoia d’auto-punition. Most 


psychiatrists would very willing concede the curability her condition 
while denying that conformed any type paranoia. The first part the 
book discusses the conception paranoia and contains critical examination 
of the various theories. The case of Aimée, and the conelusions which the 
author arrives concerning the symptoms, psychopathology and the treat 
ment the condition follow. account the methods examining the 
personality patients concludes the book, which wordy and 


lacking the usual French lucidity expression. 


Paris: 1932. Price 100 fr. 


This second volume most promising succession deals with the founda- 
tions mental life. thorough and, the same time, and concise, 
the counsel perfection which its contributors have for the most part 
happily followed. 

The first book, which short, deals with the elementary 


maintenance tone, muscular activity and secretory responses psychic 
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stimuli: Dumas, Piéron and André Mayer are responsible for these. The 


physiology the special senses the subject Book Bourdon; 
competent but, like the preceding book, too brief to be exhaustive. Book I11, 
affective states, begins with chapter the Agreeable and the Disagree- 
able, and another Pleasure and Pain, Dumas. These are instructive 


but partial. The chapters Emotion and Primary Needs are the same 


writer, whose presentation largely influenced physiological considera 


} 


Languier des Bancels, without reference the views von Monakow and 
some others note. Book IV, with which the volume ends, consists 


dmirable account the Psychology Imagery Myerson, who shows 


emarkable grasp the relevant literature. great pity that neither 
the two volumes issued far this series has been provided with index 
subjects proper otherwise the production 


British Journal Psychology, Monograph Supplement. London 


University Press. 1933. Pp. Price 6d. 


items may have different values. The method which was suggested 
for overcoming this defect here examined detail: the material 


ior the study was obtaine ad the applic ation ol rouyp tests, devise d by one ot 


the authors. to some 12,000 ¢! ldren. The evidence pointed towards the 
correctness conclusions, that the absolute variability intelli 
gence increases with age and that the spread telligence any age 
proportional its mean level age. The second part the study, which 
mainly attempt discover whether the ability growth 
curves obtained from the results of the various test items correspo! 1 to the 
curve for natural growth processes, described Courtis. The authors find 
general that intelligence tests are far more delicate instruments than 


von Kurt POHLISCH Thieme 1933, Pp. 52. Price 


5.20. 


The author has tor vears been occupied with the psychiatric aspects of 


+ ¢ 


tleohol, and here points out tha problem of these psychoses 


1 


has means been solved when the alcoholic factor has been demonstrated. 


In the first part of the book he discusses the general social influe nees which 


bear the problem drinking and refers the social methods diminishing 


The srowth ofl telligence in childret is Measured by intelli ence tests. is 
not judged from ordinary curve norms, since the individual test 
usually thought. 
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the large English literature with especially its soctal 
aspects. the second part, the personal factors alcoholism, 
physical and mental constitution the drunkard receive concise but adequate 
attention, and the genetic evidence presented, with the familiar references 
Agnes work the uncorrobative English experiments are not mentioned 


The book whole praiseworthy summary the prob 


em as lt presents 


itself Germany. 


1932. Pp. Price 


logy s Profess Ginshei shows in his ng covers 
wide field well-defined. Its basis and 
sociology, to certain aspects « which the greate } t s | 1 ievote 


tion evolution sociology and the problems instinct and emotion 
is also a critical examinatic of the assumptions on ich € nics Is based 


hye of is book is appl t sclentifie 1 l 
il} ol lei s \ ch t itn is as essentially ) il} bl ~ 1 
} tit ] ] ] 
substitute current sociology niversally accepted 
based observation experiment The attempt uns sful, 
lucid contributior ct ily the treat tis 
matter political 


Mental Hygiene. Copenhagen: Levin and 


1952. Pp. Dan Cr. 


Dr. died 1930, leaving this book untinished, but tho 
his work Gotland thought that the manuscript should publ las 
had left it, without revision. Many aspects mental hygiene are considered 
here the light his work the section ling 
the stories particular interest 


Diseases the Nervous System. Oxford 
Publications, Oxford University Press. 


The writer medical textbook works within narrow limits. has 
keep mind the particular category medical readers for whom writing, 


and clear the service intends render them Having detined 


Methuen. 
\fter chapters history and social purpose, the author the 
Secrence et Moral “dans les Problémes Sociadua Pai A Mor rl Par 
{ 
3 a 
7 
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keep himself ruthlessly the medical 


authors have 
these obscure as to 
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Was room on t! 
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neurologis 


problen to-day 
their problem they wish 
to reach 
There another point which 
5 pred cessors In 1 perl 1 when inequalled text 
book nervous diseases, the author task long 
pprenticeship the practice medie had some- 
thing impart, and not simply becaus market for 
his subject His book crysta was not 
compilation the first rank can founda 
tion, and the autl current medical writing suffers the 
leparture from this sound principle 
W ( tl t ol Mu echison Conti ied vers, 
the vivid descriptions they contain with typical clinical 
tatement mod textbook, realize that the older writers 
ve yen u the trult 1 thre ervation, the modern writer but a lifeless 
books have the breath life still about them, the new 
the matt the text for student and practitioner, 
tt fd ~ J SIS al treatment he pr vides all the doctor needs 
1) nu ubly intended for the same cat ries 
its plan and seope are those worl the con 
l \ nd n ropat! \ t Spec ilative as well is the established 
LLVSIs to \ustralian disease,” all the rarest affections 
tem { ig t stiblone may never 
been treated unusual length, though even the most 
lent advocate such foundation clinical neurology would admit that 
ich both these cts purely academic interest and lacks practical 
i} licat 
When the practitioner looks the chapter paralysis agitans, wants 
now how identify the malady, how may expect behave, and 
what patient. does not want, and will certainly not 
ead, the several difficult pages upon the anatomy and tive 
Vs y olt corpus striatum wit Which the uthoi Nor 
this matter adequate the needs the professed hat 
then, does serve 
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the difficult matter proportion, also, sound balance has not been 
struck. More space devoted the alcohol injection for tri- 
geminal neuralgia than account the manifold pictures cerebral 
vascular disease, those disseminated sclerosis, name but two items 
great practical interest the practitioner. Few practitioners will, hope, 
venture inject for trigeminal neuralgia, but all need familiar with these 
constantly clinical problems. 

Further, embodying the new his book, the author has not always 


omitted the views which this has rendered obsolete. The chapter 


isan example the confusion arising from attempt mix the old 
and the new. 
Nor the book free from contradictions upon important points. Thus, 


248 read that intracranial gumma does not respond 
treatment and should dealt with any other neoplasm. the following 
page, the reader advised employ intensive antisyphilitic medication 
this same lesion. 

More important than these criticisms of detail is the doubt we must feel as 
the provides too much and too indiscriminately for 
practitioner, too little and too superficially for the neurologist. 


The figures are unequal merit and the whole are inadequate 


The Vechanism of Ne rvOuUS Letion. by E. 1) ADRI AN. Oxford 
University Press. London: Milford. 1933. 
Price 10s. 


ae 


Like Adrian’s previous monographs, this 
clearness and conciseness deseription, reasoned analysis observation and 
careful between what the author can accept established and 
hypotheses speculations still lacking adequate proof. 

The observations which this work based were obtained the 
oscillograph and amplifiers. introductory chapter describes the methods 
employed and discusses the nature the activity peripheral nerve-fibres. 
Subsequi nt chapters deal with the action of the sense organs, the origin and 
impulses which are consciousness interpreted pain, the 
discharges motor nerve-fibres, and the activity nerve-cells. Many his 
previous conclusions described The Basis are restated and 
when necessary substantiated further experiments and arguments. Each 
nervous message consists succession brief waves surface breakdown 
the fibres, and the only gradation which the message capable depends 
the rapidity with which the waves follow oneanother. The investigation the 
action sense organs introduces complications, the question adaptation, 
but records nerve impulses starting them show how they respond 
stimuli. The investigation pain throws considerable light the validity 
the doctrine nerve energy and the general conclusion stated that 


the distinctive character the effects discharges the sensory nerves must 
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depend largely their anatomical distribution the central nervous system 
These comments can but indicate the scope the monograph, study 
which essential all 


vho wish obtain even 


ol 
the working the nervous systen 


The Psychology Children’s 


224. Price 12s. 


This well-documented 
ths 


from the mon years The first part the descriptive 
the the different elements the drawings are analysed 
relation 


the mental development the child and with occasional 


and conte] 


The book is tl 
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